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(54) TETRAHYDROBENZINDOLE DERIVATIVES 

(57) This invention creates compounds represented by the following formula (1) which, alone or as a plurality of 
them simultaneously act upon serotonin receptors, and thereby provides phanmaceuttcal compositions that contain 
these compounds and are useful for the treatment or prevention of diseases which are considered to be induced by the 
abnomnality of central and peripheral serotonin controlling functions. 
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(2-1) 



(2-2) 



W— <CH2)^W 
(3) 



W-(CHa)i-W 

(3) 



W— (CH 





(4-1) 



<4-2) 



[0023] Also, when R** is a lower alkyi or an aralkyl, the following reaction step can be used. 
[0024] Benz[cd]indol-2(1H)one (compound (2-0)) is used as the starting material and allowed to react with a com- 
pound (6) [in the formula (6), W is as defined in the foregoing, and R is a lower alkyI group or an araikyi group] In the 
35 presence of a base to obtain a compound (2-0-1), 
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5 



10 




(2-0-1) (2-3) 



[0025] When the compound (2-3) is used instead of the compound (2-1) in the above reaction formula 2, a conn- 
pound (4-3) in which in the compound (4) is R or a compound (4-4) in which is a substituent group can be 
obtained (reaction formula 3) 

20 

Reaction Foxnnila 3 



25 



30 



35 



40 



45 




[0026] Also, it is possible to carry out synthesis of the compound (1) of the invention using the following compound 
(4-5) instead of the compound (4) in the aforementioned reaction formula 1 . 

[0027] The compound (4-5) is synthesized using an alkene represented by CH2=CH-(CH2)n.i-W [wherein n and W 
55 are as defined in the foregoing] or q-(CH2)n-W [wherein q is protected hydroxyl group, and n and W are as defined in 
the foregoing] instead of the compound (3) in the aforementioned reaction formula 2 or 3. 
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5 



10 




(4-5) 



75 [0028] The compound (2-1-4) is allowed to react wrth CH2=CH-(CH2)n.rW or q*(CH2)n-W in the presence of a 
base and then converted into an aldehyde compound by allowing the afkene to react with osmium tetroxide and sodium 
periodate, or converted into an aldehyde compound represented by the compound (4-5) by, for example, carrying out 
deprotection and oxidation of q, and the desired compound (1) can be obtained by carrying out reductive aminoalkyla- 
tion reaction of the aldehyde compound with a secondary amine represented by the connpound (5) using sodium triac- 

20 etoxyborohydride. 

[0029] It is desirable to introduce the substituent group into aromatic ring by a generally known aromatic elec- 
trophilic substitution reaction. Examples of the aromatic electrophiiic substitution reaction include halogenation, Friedel- 
Crafts* reaction -based alkylation and acylation and nitration. 

[0030] In a prefen-ed example of the halogenation, the reaction is carried out at a temperature of from 0*C to reflux 

25 temperature in carbon disulfide, carbon tetrachloride, chloroform, dichloromethane, 1 ,2-dichloroethane, acetic acid, 
water or the like sojvent in the presence or absence of an appropriate catalyst. Examples of the halogenation agent to 
be used include fluorine, chlorine, bromine and iodine, as well as Vfluoropyridinium trif urate, 1 -fluoro-2,6-dichloropyrid- 
inium tetrafluoroborate and the like unsubstituted or substituted N-fluoropyridinium salts, N-fluoro-N-propyl-p-tolue- 
nesulfonamide and the like N-fluoro-N-alkyi-sutfonamides, N-fluorobenzenesulfonimide and the like N- 

30 fluorosulfonimides, sodium hypochlorite, N-bromosuccinimlde and the like. 

[0031] The Friedei-Crafts' reaction is carried out at a temperature of from O^'C to reflux temperature In cari^on 
disulfide, chloroform, dichloromethane, 1,2-dichloroethane, nitrobenzene or the like solvent in the presence of a cata- 
lyst. Examples of the alkylation agent to be used include halogenated hydrocarbons, as well as methanol, ethanot and 
the like alcohols and propene and the like olefin compounds. Examples of the acylation agent to be used Include acetyl 

35 chloride, propyl chloride and the like acyl halides, as well as acetic anhydride and the like acid anhydrides and acetic 
acid, propionic add and the like cartoxylic acids. Alternatively, an acid chloride derivative is obtained using oxalic actd 
chlonde. triphosgene or the like and then hydrolyzed using water, alcohol, amines and the like to convert it into respec- 
tive cartoxylic add derivative, ester derivative and amide derivative. Examples of the catalyst to be used desirably 
include aluminum chloride, iron chloride, boron trifluoride. tin chloride, zinc chloride and the like Lewis acids, as well as 

40 hydrogen fluoride, sulfuric acid, polyp hosphoric acid and the like proton acids. 

[0032] In an example of the nitration, the reaction is carried out using concentrated nitric acid and concentrated sul- 
furic acid or using nitric acid in water, acetic acid or acetic anhydride solution. In addition, ethyl nitrate and the like nitric 
ackj esters, acetyl nitrate and the like mixed acids and nitronium tetrafluoroborate and the like nitronium salts can also 
be used. 

45 [0033] As occasion demands, the substituent group introduced into the aromatic ring may be converted into 
other substituent group by a chemical reaction. The reaction may be carried out either before the reaction with the com- 
pound (5) or after completion of the reaction with the compound (5) in the reaction formula 1 . with the proviso that it 
does not exert influence upon other functional groups, structures and the like. For example, acetyl group or the like acyl 
group can be converted into conresponding acyloxy group by allowing it to react with m-chloropert)enzoic acid, pertrif- 

50 luoroacetic acid or the like peroxide in the presence of trifluoroacetic acid or the like acid catalyst as occasion demands, 
thereby effecting insertion of oxygen atom between the aromatic ring and carbonyl group. Thereafter, the acyloxy group 
can be converted into alkoxy group by removing the acyl group through hydrolysis or the like method and then allowing 
it to react with methyl iodide or the like alkylation agent in the presence of potassium cart)onate, sodium bicarbonate or 
the like base. Also, methoxycarbonyi group or the like ester group can be converted into a carbamoyl derivath/e, an 

55 amide derivative or the like, when it is allowed to react, directly or after its hydrolysis into carboxylic acid, with ammonia, 
a primary amine, a secondary amine or the like via an active ester or the like reactive derivative. 
[0034] In the aforementioned reaction fonmula 2, the compound (3) belongs to a so-called reaction intemriediate 
and Is generally available as a synthetic reagent or synthesized from diols represented by a formula H0-(CH2)n-0H 
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[wherein n is as defined in the foregoing]. That is, a diol is obtained as a dihalide by allowing it to react with thionyl chlo- 
. ride or thionyl bromide or as a disutfonate by allowing it to react with methanesulfonyl chloride or the like alkylsulfonic 
acid halide or benzenesulfonyl chloride or the like arylsulfonk: acid halide. As another example of the halogenation reac- 
tion, halogenation using carbon tetFachloride or carbon tetrabromide in the presence of triphenylphosphine can also be 
5 used. 

[0035] Next, the compound (5) (a-H) shown in the aforementioned reaction fomriula 1 is described. 

[0036] The confipound (5) is any one of the groups (a) to (e) in which hydrogen atom is substituted on the N having 

free valency. 

[0037] In the following, a compound in which hydrogen atom is substituted on the free valency N of the group (a) is 
10 called compound (aH). In the same manner, compounds In which hydrogen atom is substituted on the tree valency N 
of the groups (b) to (e) are called compounds (bH) to (eH). 
[0038] Compound (aH) is described. 

[0039] When X represents either NR^^ or NCONR^^R^^, the compound can be derived using commercially availa- 
ble 2,3,4.9-tetrahydro-1 H-pyrido[3,4-b] indoles or from a commercially available tryptamine derivative and fonmaldehyde 
IS by, for example, the Pictet-Spengler reaction (e.g.. Organic Reactions, 6, 151 , 1 951 ). Also, 9-positton-modified products 
of 2,3A9-tetrahydro-lH-pyrido[3,4-b]indole, derived from them by various chemical reactions, may be used. Their 
examples Include 9-alkyt derivatives, 9-acyl derivatives, 9-carbamoyl derivatives, 9-alkoxycaibonyl derivatives and the 
like. 

[0040] The aforementioned 9 -position-modified products of 2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole can be 
20 obtained by protecting the 2-position secondary amino group of 2,3,4.9-tetrahydro-1 H-pyrido[3,4-b]lndoles with a gen- 
erally used protecting group, carrying out alkylation, acylation or the like chemical reaction and then effecting deprotec- 
tion. It is desirable that the protecting group to be used is stable under alkylation.. acylation and the like chemk:al 
reaction conditions and can be deprotected easily, and its examples include t-butoxycarbonyl group, benzyloxycarbonyl 
group or the like carbamate, as well as benzyl group and the like. 
25 [0041] As an example of the synthesis of the aforementioned 9-position-modified product of 2,3,4,9-tetrahydro-1 H- 
pyrido[3,4-b]indole, it is desirable to carry out the reaction of a 2-position amino group-protected 2,3.4,9-tetrahydro-1 H- 
pyrido[3,4-b]indole derivative within the range of frorh low to heating temperature in the presence of sodium hydride, n- 
butyl lithium, lithium diisopropyl amide or the like strong base, after Its dilution with tetrahydrofuran, diethyl ether, tolu- 
ene, 1 ,2-dlmethoxyethane, dimethylformamide, dimethyl sulfoxide or the like inert solvent. Examples of the alkylation 
30 agent to be used include methyl iodide, ethyl bromide, allyl bromide or the like straight chain alkyi halide or straight 
chain alkenyl halide and isopropyl bromide, isobutyl bromide or the like branched-chain alkyI halide, as welt as chio- 
romethyl methyl ether, bromoaceton'rtrile, benzyl bromide, bromoacetamide, methyl bromoacetate, 2-chloro-N,N- . 
dimethylethylamine and the like, and examples of the acylation agent to be used include acetyl chloride, propionyl chlo- 
ride, isobutyryl chloride or the like acyl halide, as well as dimethylcarbamoyi chloride, diethylcarbamoyi chloride, methyl 
35 chlorofomiate. ethyl chloroformate and the like, 

[0042] In addition, the 9-cari3amoyl derivative and 9-alkoxycarbonyl derivative of 2,3,4,9-tetrahydro-lH-pyrido[3,4- 
bjindoie can also be synthesized by subjecting the compound to chloroformylation with triphosgene and then allowing 
It to react with ammonia, methylamine and the like amines or methanol, ethanol and the like alcohols, in tetrahydrofuran, 
diethyl ether, toluene, 1,2-dlmethoxyethane, dimethylformamide, dimethyl sulfoxide or the like inert solvent in the pres- 
to ence of sodium hydride, n-butyl lithium, lithium diisopropylamide or the like strong base. 

[0043] Also, when X is any one of S, SO, SO2 and 0. the compound (aH) can be synthesized by a genenally known 
method. For example. 3,4-dihydro-lH-benzo[4,5]thieno[2,3-c]pyridine can be synthesized via cyclization, amtdation. 
amide reduction and Pictet-Spengler cyclization of 4-{phenylthio)acetoacetic acid ethyl ester whfch is obtained from 
substituted or unsubstituted thiophenol and 4-chloroacetoacetic acid ethyl ester (J, Heterocydh Chem., 16, 1321, 
45 1979). In addition, it can be converted into a sulfoxide derivative or a sulfone derivative by oxidizing the 9-position sulfur 
atom. For example, 3,4-dihydro-9-oxo-9-X''-1 H-benzo[4,5]thieno[2,3-c]pyridine or 3,4-dihydro-9,9-dioxo-9->.^-1H- 
benzo[4,5]thieno[2,3-c]pyridine can be obtained by protecting the 2-position amino group of 3,4-dihydro-1H- 
benzo[4,5]thieno[2,3-c]pyridlne with t-butoxycart)onyl group, benzyloxycarbonyl group or the like protecting group, and 
then deprotecting the sulfur atom by its selective oxidation with m-chloroperbenzoic acid or hydrogen peroxide. On the 
50 other hand. 3.4-dlhydro-1H-benzo[4,5]furo[2,3-c]pyridine can be synthesized, for example, via nitrile reduction, for- 
mamidation. cyclization and imine reduction of 3-cyanomethylbenzo[b]furan which is obtained from 3-(2H)- 
benzotbjfuranone and diethylcyanomethyl phosphate (JP-A-63-22581; the term "JP-A" as used herein means an 
"unexamined published Japanese patent appncation'). 

[0044] The compound (aQ) (0 is hydrogen atom or a proteaing group) as a novel intenmediate for the production 
55 of the compound (1 ) of the invention is a case in which the aforementioned X is Z and can be synthesized in the same 
manner as described above. 
[0045] Next, the compound (bH) is described. 

[0046] When X is 0 and Y is methylene, this can be synthesized by a generally known method. That is. as shown 



14 



3NS00CID <EP 10S7B14A1_L> 



EP1 057 814 A1 



in the reaction formula 4, the primary amino group of a benzoxazine derivative (7) (Gupta, S.R etai, Synthesis, 9, 660, 
1974) is protected with benzyloxycarbonyl group or the like appropriate protecting group (Q) to obtain a compound (8), 
and then a compound (bH-1) can be synthesized via a chtoroacetylated derivative (9), its cyclization to a pyrazinoben- 
zoxazine derivative (10), a compound (1 1) by amide reduction and removal of the protecting group (Q) (E.W. Baxter et 

5 aL, Bioorg. Med. Chem, Lett., 7, 763, 1997): 

[0047] Also, when X is any one of S. SO and SOg and Y is methylene, 1,2,3,4.4a,5-hexahydropyrazino(2,1-c]-1 .4- 
benzthiazine can be synthesized in accordance with the method shown in the reaction formula 4 from a generally 
known compound 3,4-dihydro-3-aminomethyl-2H-1,4-benzthiazine (P. Melloni et aL. J, Heterocydic Chem,, 20, 139, 
1 983), and a sulfoxide derivative and a sulfone derivative of the compound (bH) can be obtained by deprotecting the 6- 

10 position sulfur atom of the compound (1 1 ) through its selective oxidation with m-chloroperbenzoic acid or hydrogen per- 
oxide. 

Keactlon Fomula 4 



20 



2S 



30 




35 

[0048] Also, when X is either NR^® or NCONR^^R^^ y is carbonyl or methylene, the compound (bH) can be 
synthesized from a generally known compound 2.3,4,4a-tetrahydro-lH-pyrazino[i,2-a]quinoxalin-5(6H)-one derivative 
or 2.3,4,4a,5,6-hexahydro-l H-pyrazino[l ,2-a]quinoxaline derivative (JP-A-52-1 14000) by carrying out alkylation, acyla- 

40 tion or the like chemical modification. For example, an alkyi group can be introduced to the amido nitrogen by allowing 
a compound in which the 3-position of 2,3,4.4a-tetrahydro-1H-pyrazino[1,2-a]quinoxarm>5(6H)-one is protected with 
benzyloxycarbonyl group or the like appropriate protecting group to react with methyl iodide, ethyl bromide or the tike 
alkylation agent in the presence of sodium hydride or the like base. Also, the compound (bH) as a 6-position -modified 
product can be obtained l>y allowing a compound in which the 3-posttion of 2,3,4,4a,5,6>hexahydro-1H-pyfa2ino{1,2' 

45 a]quinoxaline is protected with benzyloxycarbonyl group or the like appropriate protecting group to react with acetyl 
chloride, propionyl chloride, isobutyzyl chloride or the like acyi halide and trifluoroacetic acid anhydride, dimethylcar- 
bamoyl chloride, diethylcarbamoyl chloride, methyl chlorofonriate. ethyl chloroformate or the like acylation agent, in the 
presence of triethylamine or the like base. 

[0049] The compound (bO) (Q is hydrogen atom or a protecting group) as a novel intermediate for the production 
50 of the compound (1 ) of the invention is a case in whk:h the aforementioned X is Z and can be synthesized in the same 
manner as described above. 

[0050] Next, the method for synthesizing the compound (cH) whk:h is an intermediate for the production of the com- 
pound (1) of the invention is described in detail. 

[0051] When benzene ring is formed by a cartDon-carbon double bond of the nitrogen-containing hetero ring and 
55 the groups A and B which bind to its constituting cartDon atoms, and also when k + m is 3, it can be derived from a gen- 
erally known compound 2.3.4 ,5-tetrahydro-benzo[clazepin-1 -one or 1,3,4,5-tetrahydro-benzo[b]azepin-2-one 
[Tetmhedrvn, 49. 1807, 1993]. 

[0052] Also, when thiophene ring is formed by a carbon-cart>on double bond of the nitrogen-containing hetero ring 
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and the groups A and B which bind to its constituting caiton atoms, various derivatives of the compound (cH) can be 
synthesized from a generatty known compound 4,5,6,7-tetrahydrothreno[3.2'C]pyridine-2-carboxylic acid [JP-A-5- 
60836), 4,5,67-tetrahydrothieno[2,3-c]pyridine-2-carboxylicacid,5,67,84etrahydro-4H-thieno[3,2-c]a2epine-^ 
ylic acid or 5.6,7,8-tetrahydro-4H-thieno(2,3-c]azepine-2-carboxylic acid [WO 94/21699]. 

[0053] Also, when f uran ring is formed by a carton-carbon double bond of the nitrogen-containing hetero ring and 
the groups A and B which bind to its constituting carbon atoms, various derivatives of the compound (cH) can be syn- 
thesized from a generally known compound such as 4,5,6,7-tetrahydrofuro[3,2-c]pyridine, 4,5,6,7-tetrahydrofuro(2,3- 
c]pyridine, 5,6.7,8-tetrahydro-4H-turo[2,3-c]azepine or 5.6,7,8-tetrahydro-4H-furo[2.3-d]azeplne [JP-A-9-11 8681 ]. 
[0054] Also, when pyrazole ring is formed by a carbon-carbon double bond of the nitrogen-containing hetero ring 
and the groups A and 8 which bind to its constituting cariDon atoms, and also when k Is 0, it can be synthesized by a 
generally known method. That is. as shown In the following reaction fomnula 5, the compound (cM-l ) (a compound In 
which of the compound (cQ-1 ) is H) can be synthesized by firstly obtaining a compound (1 3) by allowing a protected 
keto-cyclic amine (12) [wherein is benzyl or the like protecting group, and m is an integer of from 1 to 3) to react with 
excess amount of an N,N-dialkylformamidodimelhylacetal derivative generally at from 5D°C to ISC'C for a period of 
from 30 minutes to 10 hours, subsequently obtaining the compound (cQ-1 ) by condensing the compound (13) with from 
1 to 5 equivalents of hydrazine or a lower alkylhydrazine generally at from 20^C to 100*^C for from 10 minutes to 30 
hours using methanol or the like lower alcohol as the solvent, and then removing the protecting group [JP-A-6-73056]. 

Reaction Foxnula 5 



0 " 

(12) (13) 




[0055] In the above synthesis method of the compound (cH), the subst'ftuent groups and of the compound 
(cH) can be optionally selected from those which are present on the ring of a compound to be used as the material, with 
the proviso that they do not hinder the above reactions, and these substituent groups can be substituted after synthesis 
of the compound (cH). Their typrcal examples include, as R^, halogen atom, lower alkyl, hydroxy, cyano, trihalomethyl 
(wherein the halogen atom is as defined in the foregoing and the three halogen atoms may be the same or different from 
one another, preferably trifluoromethyl or the like), alkoxy (preferably having from 1 to 4 carbon atoms, such as methoxy 
or elhoxy), alkylthio (preferably having from 1 to 4 cartDon atoms, such as methylthio or ethylthio). alkylsulfinyl (prefera- 
bly having from 1 to 4 carbon atoms), alkylsulfonyl (preferably haying from 1 to 4 carbon atoms), alkoxycarbonyl (the 
alkyl moiety preferably having from 1 to 4 carbon atoms), sulfamoyl. amino, substituted amino (preferably amino substi- 
tuted by lower alkyl, such as dimethylamino or diethylamino), carbamoyl, alkylcarbamoyi (preferably the alkyl moiety is 
tower alkyl, such as dimethytearisamoyl), acyl (preferably having from 1 to 4 carbon atoms, such as acetyl) and carboxy, 
and as R^, hydrogen atom, lower alkyl, hydroxy, alkoxy (preferably having from 1 to 4 carbon atoms, such as methoxy 
or ethoxy), acyl (preferably having from 1 to 4 carbon atoms, such as acetyl), phenyl and substituted phenyl. 
[0056] The secondary amines represented by the compound (cH) are shown below more illustratively; 

indotine, 

2-methylindonne. 

2.3-dimethyrmdoline. 

1 ,2,3,4-tetrahydroquinoline, 

6-fluoro-1 ,2,3,4-tetrahydro-2-methylquinoIine, 

1 ^,3,4-tetrahydroisoquinoline, 

6.7-dinnethoxy-1,2,3,4-tetrahydroisoquinorine. 
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6,7-dihydiroxy-l ,2,3.4-tetrahydroisoquinoline, 

6,7-clihydroxy-l ,2,3,4-tetrahydro-l -melhylisoquinorine. 

1 -[5K:hloro-2-(methylamino)-phenyl]-1 ,2,3.4*tetrahydroisoqulnoline, 

2,3,4,5-tetrahydro-1 H-ben2o[blazepine, 
5 2,3i4,5-tetrahydro-1H-ben2o[cla2epine, 

5-phenyl-2,3.4,5-tetrahydro-lH-ben2o(c]azepine, 

4,5,6,7-tetrahydrothieno[3,2-c]pyrid]ne, 

4,5,6,7-tetrahydrothieno[2,3-c]pyridine, 

2-methyl-4,5.6,7-tetrahydrothieno[3,2-c]pyridine, 
10 3-methyl-4,5,6,7-tetrahydrothieno[3.2-c]pyridlne, 

2,3-dimethyl-4,5.6,7-tetrarTydrothieno[3,2-c]pyridine, 

4,5,6,7-tetrahydrothleno[3,2-c]pyridlne-2-carboxylic acid, 

4,5,6, 7-tetrahydrothieno[3,2-c]pyridine-2-carboxylic acid methyl ester, 

2-carbamoyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridine, 
15 2-dlmethylcart)amoyM,5.6.7-tetrahydrothieno(3,2-clpyridine, 

4,5,6,7-tetrahydrofuro[3,2-c]pyridine, 

4,5,S,7-tetrahydrofuro[2,3-c]pyridine, 

4,5,6,7-tetrahydro-1H-pyra20lo[4,3-c]pyridine, 

4 , 5 , 6 , 7-tetrahyd ro-2-methyl -2 H -py razo lo[4,3-c]pyridine, 
20 4,5,6,7-tetrahydro-3-methyl-1H-pyra2olo[4,3-c]pyridine, 

4,5,6,7-tetrahydro-3H-imidazo[4.5-c]pyridine 

and the like. 

[0057] Next, methods for the synthesis of the compounds (dH) and (eH) as intemiediates for the production of the 
25 compound (1 ) of the invention are described in detail. 

[0058] Regarding the compound (dH), ketone of a corresponding compound (14) [wherein R"^, G, E. J and p are as 
defined in the foregoing] is converted into alcohol form of a compound (15) by reducing it with sodium borohydride 
(reaction formula 6). 

^ Reaction ibnnula 6 



35 



40 



45 




SO [0059] Next, the compound (15) is converted into a compound (16) by its chlorination using thionyl chloride (reac- 
tion formula 7). 
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Reaction Foxxnula 7 



w 



15 



(CH2)p 




SOCI2 



(CH2)p 




(16) 



20 



2$ 



[0060] The compound (1 6) is condensed with a compound (1 7) N-t-butoxycarbonylpiperazine in the presence of a 
base to otytain a compound (1 8) (reaction formula 8). 

Reaction Foxnula 8 



35 



40 



45 



XCH2)p 




CI 



HN NBoc 

> f 

(17) 



(CH2)p 





N NBoc 



(16) 



[0061] By further subjecting the compound (18) to de-t-butoxycarbonylation under an acidic condition, a compound 
(dH-1 ) is synthesized (reaction formula 9). 



50 



55 
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[0062] As another example of the synthesis of the compound (dH), firstly, 4-bromopyridine as a compound (19) is 
allowed to react with the con'esponding ketone compound (14) in ether using n-butyl lithium to obtain a compound (20) 
(reaction formula 10) 

Reaction FDxniula 10 



30 



35 



40 




45 



[0063] By reducing the compound (20) in an atmosphere of hydrogen using platinum oxide as a catalyst, a com- 
pound (dH-2) is synthesized (reaction formula 11). ^ 

so 



55 
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Reaction Fozniula 11 



10 



IS 




[0064] Regarding the compound (eH), a compound (21 ) [wherein y is a halogen atom, and R^. and R^ are as 
defined In the foregoing] is condensed with the compound (1 7) N-t-butoxycarbonylpiperazir>e in the presence of a base 
to obtain a compound (22). 

Reaction Formula 12 



30 



35 



40 



^1) 



HN NBoc 



(17) 



C22) 



[0065] By further subjecting the compound (22) to de-t-butoxycarbonylation under an acidic condition, a compound 
45 (elH-1 ) is synthesized (reaction formula 1 3). 



50 



55 



3NSDCXilD <EP 1057814A1J. 



20 



EP 1057 814 A1 



Reaction Foxmula 13 



10 



N NBoc 



NH 



(22) 



<eH-1) 



15 



[0066] As another example of the synthesis of the compound (eH), firstly, 4-bromopyridine as the compound (19) 
is allowed to react with a corresponding ketone represented by a compound (23) [wherein is as defined in the fQre- 
20 going, and is lower alkyi, phenyl or substituted phenyl group] in ether using n-butyl lithium to obtain a compound (24) 
(reaction fonnula 14) 



25 



Reaction Fonmila 14 



30 



35 



6 -'-d^ 



O n-BuU 



rV ^OH 



'N 
(19) 




(23) 



(24) 



(0087] By reducing the compound (24) in an atmosphere of hydrogen using platinum oxide as a catalyst, a com- 
pound (eH-2) is synthesized (reaction formula 1 5). 

Reaction Foxoula IS 



so 



rV ^oh 



R^ 




Ha 



RV^OH 



R 



(24) 



(eH-2) 



21 



NSOociD <EP ias7ei4Ai I > 



EP1 057 814 A1 



15 



20 



[0068] By further reducing the compound (eH-2) in ari atmosphere of hydrogen using palladium-carbon as a cata- 
lyst, a compound (eH-3) is synthesized (reaction formula 16). 



Reaction Fbxnula 16 




(eH-2) 



[0069] As Shown in the aforementioned reaction formula 6, the compound (14) can be converted into the compound 
(15) using sodium borohydride. This reaction is generally carried out after dilution with an alcohol or water and 
progresses within the range of from ordinary temperature to heating. Examples of the alcohol to be used include meth- 
anol, ethanol and the like. 

25 [0070] As shown in the aforementioned reaction fomiula 7, the compound (16) is obtained l>y chlorinating the com- 
pound (15) using thionyl chloride. This reaction is carried out without solvent or by diluting with a chlorinated solvent or 
an aromatic solvent. Examples of the solvent to be used include dichloromethane or chlorofomi as the chlorinated sol- 
vent and benzene, toluene or the like as the aromatb solvent. 

[0071] As shown In the aforementioned reaction formulae 8 and 12, the compound (16) or (21 ) is converted into the 
30 desired compound (1 8) or (22) by carrying out its reaction with the compound (17), N-t-butoxycart3onylpiperazine. This 
reaction is carried out without solvent or after dilution with an inert solvent and progresses in the presence or absence 
of a base, in the presence or absence of a catalytically effective amount of potassium iodide or sodium iodide and within . 
the range of from ordinary temperature to heating temperature. Examples of the inert solvent to be used include diox- 
ane, tetrahydrofuran, acetonitrile, dimethylformamide, methyl ethyl ketone and the like, and examples of the base to be 
35 used include salts of alkali metals, such as sodium carbonate, potassium carbonate and the like carbonates and 
sodium bicariDonate, potassium bicaibonate and the like bicartonates, and trialkylamines, pyridine bases and the like, 
or the secondary amine itself to be used as the material substance may also serve as the base when used in an excess 
amount. 

[0072] As shown in the aforementioned reaction formulae 9 and 13, the compound (18) or (22) can be converted 
40 into the compound (dH-1 ) or (eH-1 ) by removing the t-butoxycarbonyl group under an acidic condition. Examples of the 
acid to be used include hydrochloric acid, triftuoroacetic acid and the like. 

[0073] As shown In the aforementioned reaction formulae 1 0 and 14, the compound (1 9) can be converted into the 
compound (20) or (24) by allowing it to react with the compound (1 4) or (23) using n-butyl lithium. The reaction is candied 
out after dilution with an ether solvent and progresses within the range of from -78*0 to room temperature. Examples 

45 of the ether solvent to be used include diethyl ether, tetrahydrofuran, dimethoxyethane and the like. 

[0074] As shown in the aforementioned reaction fonmulae 1 1 and 16, the compound (20) or (24) an be converted 
into the compound (dH-2) or (eH-2) by its catalytic hydrogen reduction in the presence of platinum oxide. As shown in 
the aforementioned reaction formula 16. the compound (eH-3) is obtained from the compound (eiH-2) by its catalytic 
hydrogen reduction in the presence of Pd-C. 

50 [0075] These reactions are carried out after dilution with a polar solvent or a non-polar solvent and progress under 
ordinary pressure or under compression. Examples of the solvent to be used include water, an alcohol or acetic acid as 
the polar solvent and ether, benzene, hexane or the like as the non-polar solvent. 

[0076] In the aforementioned synthesis method of the compound (dH) or (eH), the substituent groups R^. and 
can be optionally selected from those which are present on the benzene and pyridine ring of the compound (14), 
55 (21) or (23) to be used as the material, with the proviso that they do not hinder the above reactions. 

[0077] The compound (14) as the synthesis material ketones of the compound (dH) is shown below more illustra- 
tively; 
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Inndanone, 
6-methy)-1 -indanone. 

4- m ethyl -1 -indanone, 

5- fluoro-l-lndanone, 
5 5-chloro-1 -indanone, 

5-bromo-1 -indanone, 
4-hydroxy-1 -indanone, 

4- methoxy-1 -indanone, 

5- methoxy-i -indanone, 
10 6-nnethoxy-l -indanone, 

a-tetralone, 

5-hydroxy-l-tetralone, . 

5- methoxy-1 -tetralone, 

6- methoxy-1 -tetralone, 
15 7-methoxy-1 -tetralone, 

1 -benzosuberone, 
8-fluoro-1 -benzosuberone, 
4-chromanone, 
thiochromanone-4-one. 
20 6-fluoro-4-chromanone, 
6-methyl-4-chromanone, 
6-chloro -4-chromanone. 

[0078] The compound (21) as the synthesis material halides of the compound (eH) is shown below more illustra- 
25 tively; 



benzyl chloride, 
benzyl bromide, 
(1-bromoethyl) benzene, 
30 2-fluorobenzyl chloride, 
2-chlorobenzyl chloride, 
2-chlorobenzyl bromide, 
2-bromobenzyl bromide, 

2- methylbenzyl bromide, 
35 2-methylben2yl chloride, 

3- flLJorobenzyl chloride, 

4- fluorobenzyl bromide, 
4-fluorobenzyl chloride, 

3- fluorobenzyl bromide, 
40 3-chlorobenzyl chloride, 

4- chlorobenzyl chloride, 
3-chlorobenzyl bromide, 
3-bromobenzyl chloride, 
3-bromobenzyl bromide, 

4S 4-bromobenzyl bromide, 
3-methylbenzyl chloride, 

3- methylbenzyl bromide, 

4- methylbenzyl chloride, 
4-methylbenzyl bromide, 

so 4-t-butylbenzyl bromide. 

2-trifluoromethylbenzyl chloride. 

2-trifluoromethylbenzyl bromide. 

4-trifluoromethylbenzyI chloride, 

4-triftuoromethylbenzyl bromide, 
55 4-vinylbenzyl chloride, 

chloro-diphenylmethane. 

bromo-diphenylmethane, 

triphenylmethyl chloride, 
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triphenylmethyl bromide, 

chloro(4-chlorophenyl)-phenytmethane. 

chlorobis(4-fluorophenyl)-nnethane. 



[0079] The compound (23) as the synthesis material ketones of the connpound (eH) is shown below more Illustra- 
tively; 

acetophenone, 

propiophenone, 

biityrophenone, 

isobutyrophenone. 

valerophenone. 

2,2-d(methylpropiophenone, 

4'-methylpropiophenone, 

3'-methylacetophenone, 

4'-methylacetophenone, 

4'-ethytacetophenone, 

4'-butylacetophenone, 

2'-methoxyacetophenone, 

3-methoxyacetophenone, 

3'-(trifiuoromethoxy)-acetophenone, 

4'-(trifluoromethoxy)-acetophenone, 

4'-ethy oxyacetoph en 0 ne, 

2'-nitroacetophenone, 

4'-n'itroacetophenone, 

benzophenone, 

2- methylbenzophenone, 

3- methytbenzophenone, 

4- methylbenzophenone, 
4-benzoblphenyl, 

2.4- diphenylbenzophenone, 

2.5- diphenylbenzophenone, 
. 3,4-d]phenylben2ophenone, 

3- (trifluoromethyl)-benzophenone, 

4- (trlfluoromethyl)-benzophenone, 
3,3'-bis(trifluoromethyl)-benzophenone, 
3,4'-bis(trtfluoromethyl)^)enzophenone, 
4-methoxybenzophenone, 
3,3'-dinitrobenzophenone. 



[0080] In the synthesis of the compound (1 ) of the invention, purification of a compound of interest from the reaction 
mixture Is carried out by employing usually used techniques In the field of chemical synthesis, namely by effecting sep- 
aration extraction of the reaction product between water and an organic solvent which does not optionally mixed with 
water, such as benzene, toluene, ethyl acetate, butyl acetate, methyl isobutyl ketone, chlorofomi, dichforomethane or 
the like, and then carrying out concentration, crystallization and the like. Also, as occasion demands, fractional purifica- 
tion may be carried out for example by a column chromatography using alumina, silica gel, adsorption resin or the like. 
[0081] Being an amine, the compound (I) of the invention exists as a base. In consequence, it forms salts with a 
number of inorganic and organic acids, and such a property is applied to the production of pure substance and its pro- 
visional forms as pharmaceutical preparations. That is, in its production process, acidification of the compound renders 
possible its solubilization and extraction purification in water or the like polar solvent so that it can be isolated as a salt 
having desirable physicochemical properties, and, in applying it to phamnaceutical preparations, it can form a phamna- 
cotogcally acceptable salt. Exarrples of the salt to befomned include acid addition salts with hydrochlork: acid., nitric 
acki, hydrobromic add, sulfuric acid, phosphoric acid and the like inorganic acids or with aliphatic monocarboxyric 
acids, dicarboxylic acids, hydroxyalkanoic acids, hydroxyalkanoic diacids, amino acids and the like, as well as salts 
derived from aromatic acids, aliphatic and aromatic sulfonic adds and the like nontoxic organic acids. Examples of such 
acid addition salts indude hydrochloride, hydrobromide. nitrate, sulfate, hydrogensulfate, phosphate, monohydrogen- 
phosphate. dihydrogenphosphate. acetate, propionate, tartarate, oxalate, malonate. sucdnate, fumanate, maleate, 
mandelate, benzoate, phthalate, methanesulfonate, benzenesulfonate, toluenesulfonate. citrate, lactate, malate, glyco- 
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late and the like. 

[0082] These add addition salts described above are significant also as phamiacologically acceptable pharmaceu- 
tical compositions, and it seems that they have advantages as pharmaceutical compositions in terms of the preparation 
of medicaments and of the dispersing and absorbing abilities when administered to the human body. 

5 [0083] A pharmaceutical composition which contains the compound of the invention as an active ingredient can be 
administered to human and animals other than human, through the route of either oral administration or parenteral 
administration (e.g.. intravenous injection, intramuscular injection, subcutaneous injection, rectal administration or per- 
cutaneous absorption). Thus, the pharmaceutical connposltion containing the compound of the invention as an active 
ingredient can be made into appropriate dosage fomns depending on each route of administration. 

10 [0084] illustrative examples of dosage forms include tablets, capsules, powders, granules, syrups and the like as 
oral preparations and intravenous, Intramuscular and the like injections, rectal administration preparations, oleaginous 
suppositories, aqueous suppositories and the like as parenteral preparations. 

[0085] Each of these various preparations can be produced in the usual way making use of generally used fillers, 
disintegrators, binders, lubricating agents, coloring agents and the like. 

15 [0086] Lactose, glucose, com starch, sorbitol, crystalline cellulose and the like can be exemplified as the fillers, 
starch, sodium alginate, gelatin powder, calcium carbonate, cateium citrate, dextrin and the like can be cited as the dis- 
integrators, dimethyl cellulose, polyvinyl alcohol, polyvinyl ether, methyl cellulose, ethyl cellulose, acacia, gelatin, 
hydroxypropyl cellulose, polyvinyl pyrrolidone and the like can be exemplified as the binders and talc, magnesium stea- 
rate, polyethylene glycol, hardened plant oil and the like can be exemplified as the lubricating agents. In addition, the 

20 aforementioned injections can be produced by further adding a buffer, a pH adjusting agent, a stabilizing agent and the 
like as occasion demands. 

[0087] Though the amount of the compound of the invention in the phanmaceutical composition varies depending 
on its dosage forms, it may be used in an amount of generally from 0.1 to 50% by weight, preferably from 0.1 to 20% 
by weight, based on the total composition. Its dose is optionally decided In each case, taking age, body weight, sex, 
25 difference in diseases, degree of symptoms and the like of each patient into consideration, but the dose is within the 
range of generally from 0.1 to 100 mg. preferably from 0.1 to 30 mg. per day per adult, and the daily dose is adminis- 
tered once a day or by dividing it into several doses per day. 

Best Mode for Carrying Out the Invention: 

30 

[0088] The invention is described further in detail by the following inventive and test examples, but the invention is 
not limited thereto, in this connection, the following description "(the inventive compound)" means the compound (1 ) of 
the invention and the description "(the inventive intermediate)" means the compound (aQ) or (bQ). 

35 Examples: 

1 . Synthesis examples of the compound (1) of the invention having group (a) and its production intermediate 

Synthesis Example la (the inventive compound) 2a-[4-(2.3.4.9-Tetrahydro-1H-pyridor3.4-b]indQl>2-yl)-butyl]-2a.3.4.S- 
40 tetrahydro-1 H-benz[cd]indoi-2-one 

[0089] A 168 mg (0.98 mmol) portion of 2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indote and 269 mg (1.96 mmol) of 
potassium carbonate were added to 3 ml of DMF solution containing 150 mg (0.49 mmol) of 2a-(4-bromobutyl)- 
2a,3,4,5-tetnahydro-1H-ben2[cd]indol-2-one and stirred overnight at room temperature. The reaction solution was 
45 extracted with chloroform and washed with water. After drying (Na2S04), the solvent was removed by evaporation 
under a reduced pressure and the residue was recrystallized from acetone to obtain 98 mg of the title compound (48% 
in yield). An oily material obtained by concentrating the mother liquid was purified by a silica gel column chromatogra- 
phy (30 cc; elution by chloroform-methanol s 15:1 ) to obtain 73 mg of the title compound (38% in yield). 

so ^H-NMR (CD3OD): 8 1.07 (1 H. m). 1.27 (2 H, m). 1.54 (2 H. m). 1.87 (3 H, m). 2.05 (1 H, ddd). 2.19 (1 H, m). 2.51 
(2 H. m). 2.64 (1 H. ddd). 2.78 - 2.90 (5 H. m). 3.63 (2 H. s). 6.69 (1 H. d). 6.79 (1 H. d). 6.95 (1 H. t). 7.02 (1 H. t). 
7.1 1 (1 H. t). 7.25 (1 H. d). 7.36 (1 H, d), 7.85 (1 H. s). Mass spectrum TSP m/z 400 (M + H)* 

Synthesis Example 2a (the inventi ve compound^ 2a-r3-(2.3.4.9-TetrahvdrQ-1H-Dyridor3.4-b]indQl-2>yn'ProPVll-2a.3.4.5- 
55 te^aWro-1 H-i?eng[cd1indQ|-g-one 

[0090] By the method described in Synthesis Example la, 238 mg (91% in yield) of the title compound was 
obtained from 200 mg (0.68 mmol) of 2a-(3-bromopropyl)-2a.3,4.5-tetrahydro-1H-benz[cd]lndol-2-one and 234 mg 
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(1 .36 mmol) of 2,3.4,9-tetrahydro-1 H-pyrido[3,4-b]indole. 

^H-NMR (CDCI3): 5 1 .37 (2 H. m), 1 .61 (3 H. m). 1 .88 (3 H. m), 2.11 (2 H. m). 2.48 (2 H, t). 2.63 (1 H. m). 2.74 (2 
H, s). 2.83 (1 H. m), 3.51 (2 H, s), 6.65 (1 H, d), 6.80 (1 H. d). 7.08 (3 H. m), 7.27 (1 H, d), 7,43 (1 H. d), 7.61 (1 H. 
5 br s), 7.78 (1 H. br s). Mass spectrum TSP m/z 386 (M + Hf 

Synthesis Example 3a (the inventive compound) 2a-f4-(6-Methoxv-2.3.4.9-tetrahvdro-1 H-Pvrido[3.4-b]indol-2-yi)>butyl]- 
2a.3.4.5-tetfahvclro-1H-benzfcd]]ndQl-2-one 

10 [0091J A 295 mg (1,46 mmoI) portion of 6-methoxy-2,3,4,9-tetrahydro-1H-pyrido[3,4«b]indole and 404 mg (2.91 
mmol) of potassium carbonate were added to 7 ml of DMF solution containing 300 mg (0.97 mmol) of 2a-(4-bro- 
mobutyl)-2a,3,4,5-tetrahydro-1H-benz(cd]indol-2-one and stined overnight at room temperature. The reaction solution 
was extracted with ethyl acetate and washed with water. After drying (Na2S04), the solvent was removed by evapora- 
tion under a reduced pressure and the thus obtained oil was purified by a silica gel column chromatography (80 cc; elu- 

Y5 tion by chlorofomri-methanol = 15:1) and recrystairized from acetone-diisopropyl ether to obtain 369 mg of the title 
compound (88% in yield). 

^H-NMR (CD3OD): S 1.06 (1 H. m), 1.28 (2 H. m). 1.52 (2 H. m), 1.86 (3 H, m). 2.05 (1 H, m), 2.19 (1 H, m), 2,50 
(2 H, m), 2.64 (1 H, ddd), 2.75 - 2.86 (5 H, m), 3.60 (2 H, s), 3.80 (3 H, s), 6.69 (2 H, m), 6.79 (1 H. d), 6.88 (1 H, 
20 d), 7.12 (2 H. m). Mass spectrum TSP m/z 430 (M + H)* 

Synthesis Example 4a fthe inventive compound) 2a-f4-f6-HvdrQxv-2 3.4.9-t etrahydfo-1H-pyrido[3.4.b]indQl-2-yl)-butyl]. 
2a.3.4.5-tetfahvdrQ-1H-ben zrcd)indol-2-one 

25 [0092] A 1 .3 ml portion of dichloromethane solution containing 68 mg (0. 1 6 mmol) of 2a-[4-(6-methoxy-2,3,4,9-tet- 
rahydro-1 H-pyrido[3,4-blindol-2*yl)butyll-2a,3,4,5-tetrahydro-1 H-benz[cd]indol-2-one was cooled to 0*C and mixed with 
0.2 ml of dichloromethane solution containing 45 |il (0.48 mmol) of boron tribromide. After 6 hours of stirring at room 
temperature, the reaction solution was extracted with a solution of chloroform-methanol = 5:1 and washed with sodium 
bicarbonate aqueous solution. After drying (Na2S04), the solvent was removed by evaporation under a reduced pres- 

30 sure and the residue was recrystallized from methanoi-ethyl acetate to obtain 20 mg of the title compound (30% In 
yield). 

. ^H-NMR(CD30D): 5 1.07(1 H, m). 1.29 (2 H, m). 1.56 (2 H, m), 1,88 (3 H. m). 2.05 (1 H, ddd), 2.19 (1 H. m). 2.59 
(2 K m), 2.75 (3 H, m), 2.89 (3 H, m), 3.69 (2 H, s). 6.61 (1 H, dd), 6.69 (1 H, d), 6.78 (2 H, m). 7.10 (2 H. m). 7.87 
3S (1 H. s). Mass spectrum TSP m/i 41 6 (M+ H)+ 

Svnthesis Example 5a fthe inventive compound! 6-Bromo-2a-[4-f2.3.4.9-tetrahvdro-1H-pyrido[3.4-b]indol-2-yl)-butyl] - 
2a.3.4.S-tetrahydro-1H-benz[cd]lndol-2-one 

40 [0093] A 31 mg (0.18 mmol) portion of 2,3,4,9-tetrahydro-1 H-pyrido[3,4-b]indole and 62 mg (0.54 mmoO of potas- 
sium carbonate were added to 1 ml of DMF solution containing 58 mg (0.15 mmol) of 6-bromo-2a-(4-bromobutyl)- 
2a,3,4,5-tetFahydro-1H-benz[cGl]indol 2-one and stirred overnight at room temperature. The reaction solution was 
extracted with ethyl, acetate and washed with water. After drying (Na2S04), the solvent was removed by evaporation 
under a reduced pressure and the residue was recrystallized from acetone-diisopropyl ether to obtain 50 mg of the title 

45 compound (70% in yield). 

^H'NMR (CD3OD): 5 1.08 (1 H. m). 1.28 (2 H, m), 1.54 (2 H, m). 1.84 - 1.95 (3 H, m), 2.07 (1 H, ddd), 2.21 (1 H. 
m), 2.52 (2 H, m). 2.72 - 2.82 (6 H. m). 3.63 (2 H. s), 6.64 (1 H, d). 6.95 (1 H. m), 7.02 (1 H. m). 72B (1 H. d). 7.35 
(2 H, m). Mass spectrum TSP m/z 478. 480 (M + H)* 

SO 

Svnthesis Example 6 a 2-t-ButQxycaftoonyl-9>methyl-2.3.4.9-tetrahvdrQ-1H-pyridQr3.4>blindoie 

[0094] A 66 mg (1 .65 mmol) portion of sodium hydride was added to 1 0 ml of DMF solution containing 300 mg (1 .1 0 
mmol) of 2-t-butoxycarbonyl-2.3.4,9-tetrahydro-lH-pyrido[3,4-b]indole and stirred at room temperature for 30 minutes, 
55 and then 1 03 pi (1 .65 mmol) of methyl iodide were added thereto and stirred overnight at room temperature. The reac- 
tion solution was extracted with ethyl acetate and washed with water. After drying (Na2S04), the solvent was removed 
by evaporation under a reduced pressure and the resulting oil was purified by a silica gel column chromatography (60 
cc; elution by ethyl acetate-hexane = 1 :5) to obtain 200 mg of the title compound (63% in yield). 
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^H-NMR (CDCI3): 5 1.42 (9 H, s), 2.68 (2 H. brs). 3.46 (3 H. s). 3.70 (2 H, br s). 4.50 (2 H. br s). 6.98 (1 H, m), 7.07 
(1 H. m), 7.13 (1 H. d). 7.36 (1 H, d). 

Synthesis Example 7a (the inventive compound) 2a-[4.(9-Meth yl-2.3,4.9-tetrahydro>1H-pyfidQf3.4-b]]ndQl-2-yl)^uty I]- 
5 2a.3.4.5>tetralTydro>1H-ben2 [cd1indol-2-one 

[0095] 

(1) A 1 ml portion of anisole and 0.7 ml of trifiuoroacetic acid were added to 7 ml of d'tchloromethane solution con- 
to taining 200 mg (0.70 mmol) portion of 2't-butoxycarbonyl-9-methyl-2,3,4,9-tetrahydro-lH-pyrido[3,4-b]lndole and 

stirred at room temperature for 4 hours. The solvent was removed by evaporation under a reduced pressure and 
the riesidue was recrystallized from acetone-diisopropyl ether to obtain 9-methyt-2,3,4,9-tetrahydro-1 H-pyrido[3.4- 
b]lndole quantitatively as trifluoroacetate. 

(2) A 71 mg (57% in yield) of the title compound was obtained by the method descrtoed in Synthesis Example 3a 
15 from 80 mg (0.43 mmol) of the 9-methyl-2,3,4,6-tetrahydro-1 H-pyrido[3,4-blindole trifluoroacetate obtained by the 

above step (1) and 93 mg (0.30 mmol) of 2a-(4>bromobutyl)-2a,3,4»5-tetFahydro-1H-benz[cd]indol-2-one. 

^H'NMR (CDCI3): 5 1.1 1 (1 H. m). 1.33 (2 H, m). 1 .53 (2 H. m). 1 .84 (3 H, m). 2.09 (2 H, m), 2.51 (2 H. m), 2.62 
(1 H. ddd), 2.75 ■ 2.87 (5 H. m). 3.53 (3 H, s), 3.60 (2 H. s), 6.65 (1 H. d). 6.77 (1 H. d). 7.02 - 7.15 (3 H, m), 
20 7.22 (1 H. d), 7.43 (1 H, d). 8.76 (1 H. s). I^ass spectrum TSP m/z 414 (M + H)* 

Synthesis Example fla 2-t>ButoxycarfaQnyl>9.acetyl-2.3.4.9«te trahydro-1H-pyrido[3.4-b]indole 

[0096] A 245 mg (71% in yield) of the title compound was obtained by the method described in Synthesis Example 
25 6a from 300 mg (1.10 mmol) of 2-t-butoxycarbonyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole. 53 mg (1.32 mmol) of 
sodium hydride and 94 ^1 (1 .32 mmol) of acetyl chloride. 

^H-NMR (CDCI3): 5 1 .50 (9 H. s), 2.74 (5 H. br s), 3.74 (2 H, br s). 4.89 (2 H, br s). 7.27 (3 H, m), 7.44 (1 H, m). 

30 Synthesis Example 9a (the inventive compound^ 2a>[4-r9-Acetyl'2.3.4.9-tetrahydro-1H-Pvridof3.4'b]indQl-2-yl)-butyl)- ■ 
2a.3.4.5'tetrahydrO'1H-benzfcd]indQi>2>Qn6 

[0097] 

35 (1) By the method described in Synthesis Example 7a (1), 9-acetyl-2,3,4,9-tetrahydro-1 H-pyrido[3.4-b]indole was 
Obtained quantitatively as trifluoroacetate from 244 nng (0.78 mmol) of 2-t-butoxycarbonyl-9-acety)-2,3,4,9-tetrahy- 
dro-1 H-pyrido[3,4-bindole. 

(2) By the method described in Synthesis Example 3a, 73 mg (56% In yield) of the title compound was obtained 
from 80 mg (0.30 mmol) of the 9-acetyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole trifluoroacetate obtained in the 
40 above step (1) and 92 mg (0.37 mmol) of 2a-(4-bromobutyl)-2a,3,4,5-tetrahydro-1 H-benz[cd]indol-2-one. 

^H-NMR (CDCI3): 6 1.10 (1 H, m). 1.34 (2 H. m). 1.52 (2 H. m). 1 .83 (3 H. m), 2.10 (2 H, m), 2.51 (2 H, m). 2.5B 
- 2.76 (8 H, m), 2.83 (1 H. m), 3.88 (2 H, brs), 6.67 (1 H, d), 6.77 (1 H. d), 7.08 (1 H, t). 7.24 (2 H, m), 7.39 (1 
H, m). 7.78 (1 H, m). 8.55 (1 H, s). Mass spectrum TSP m/z 442 (M + H)+ 

45 

Synthesis Example 10a 2-t-Butoxycarbonyl-9-benzyl-2.3.4.94etrahydrQ-1H-py rido[3.4-b]}ndote 

[0098] By the method described in Synthesis Example 6a, 217 mg (54% in yield) of the title compound was 
obtained from 300 mg (1.10 mmol) of 2-t-butoxycarbonyl-2,3.4,9-tetrahydro-lH-pyrido[3,4-blindole, 66 mg (1.65 mmol) 
50 of sodium hydride and 197 111 (1.65 mmoO of benzyl bromide. 

^H-NMR (CDCI3): S 1.48 (9 H. s). 2.83 (2 H. br s), 3.74 (2 H, br s). 4.52 (2 H, br s). 5.21 (2 H. s), 7.01 - 7.35 (8 H. 
m). 7.52 (1 H, d). 

55 
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Synthesis Example 11 a (the inventive compound) 2a'f4-(9-Benzvl'2.3.4.9-tetrahvdro-1H-pyrido[3.4-b]indol-2-vh'butyn- 
■ 2a.3.4.S»tetrahydrQ-1 H-ben2(cd]mdQl>2-Qne 

[0099] 

(1) By the method described in Synthesis Example 7a (1), 143 mg (91% in yield) of 9-benzyl-2,3A9-tetrahydro- 1H- 
pyrido[3.4-b]indole was obtained as trifluoroacetate from 217 mg (0.60 mmol) of 2-t-butoxycaibonyl-9-benzyl- 
2.3,4,9-tetrahydro-1 H-pyrido[3,4-b]indole. 

(2) By the method described in Synthesis Example 3a, 74 mg (49% in yield) of the title compound was obtained 
from 100 mg (0.38 mmol) of the 9-benzyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole trifluoroacetate obtained In the 
above step (1 ) and 94 mg (0.30 mmol) of 2a-{4-bromobutyl)-2a,3.4,5-tetrahydro-1 H-benz[cd]indol-2H)he. 

^H-NMR (CDCI3): 6 1.05 (1 H, m). 1.25 • 1.49 (4 H, m), 1.80 (3 H, m), 2.07 (2 H. m), 2.45 (2 H, m). 2.60 (1 H, 
ddd), 2.80 (5 H, m), 3.52 (2 H, s), 5.16 (2 H, s). 6.63 (1 H, d), 6.76 (1 H, d). 6.97 (2 H, d). 7.07 (2 H. m), 7.20 
(5 H. m). 7.48 (1 H. d), 8.41 (1 H, s). Mass sprec^rum TSP m/z 490 (M H)^ 

Synthesis Example 12a (the inventive Intemnediate) 2-t-Butoxycarbonyl-9>dlmethvlcarbanfioyl-2.3.4.9'tetrahvdro-1H- 
Dvridof3.4-b]lndol6 

[0100] By the method described in Synthesis Example 6a. 434 mg (86% in yield) of the title compound was 
obtained from 400 mg (1 .47 mmol) of 2-t-butoxycarbonyl-2,3.4,9-tetrahydro-1 H-pyrido[3.4-b]indole, 70 mg (1 .76 mmol) 
of sodium hydride and 162 pj (1 .65 mmol) of N,N-dimethylcart>amoyl chloride. 

^H-NMR (CDCI3): S 1 .50 (9 H. s), 2.77 (2 H, br s). 3.05 (6 H. s). 3.77 (2 K br s). 4.70 (2 H. br s). 7.15 - 7.27 (3 H, 
m), 7.45 (1 H, d). 

Synthesis Example 13a (the Inventive compound) 2a-r4-(9-Dimethylcarbamoyl-2.3.4. 9-tetrahydro-1H-pyridQ|3.4- 

Mindpl-2-yl)-bMtyl]>2a.3.4.frtgtrahyclro-l H-benz[g^lndol-g-Qne 

[0101] 

(1) A 434 mg (1.26 mmol) portion of 2-t-butoxycarbonyl-9-dlmethylcarbamoyl-2,3,4,9-tetrahydro-1H-pyrido[3,4- 
. bjindole was dissolved in 10 ml of methanol, and the solution was mixed with 1 ml of 10% hydrochloric acid-meth- 

anol and stirred overnight. The solvent was removed by evaporation under a reduced pressure and the resulting 
residue was recrystallized from methanoi-ethyl acetate to obtain 291 mg (82% in yield) of 9<limethylcarbamoyl< 
2.3,4,9-tetrahydro-l H-pyrido[3,4-b)indole hydrochloride. 

(2) By the method described in Synthesis Example 3a, 255 mg (90% in yield) of the title compound was obtained 
from 220 mg (0.79 mmot) of 9-d1methylcart>amoyl-2,3,4,9-tetrahydro-iH-pyrido[3,4-b]indole hydrochloride obtained 
in the above step (1) and 186 mg (0.60 mmol) of 2a-(4-bromobutyl)-2a,3,4,5-tetrahydro-lH-benz[cd]indol-2-one. 

^H-NMR (CDCI3): 5 1 .07 (1 H, m). 1 .32 (2 H. m), 1 .50 (2 H, m), 1 .83 (3 H, m). 2.08 (2 H, m). 2.48 (2 H, m). 2.60 
(1 H, ddd). 2.75 - 2.85 (5 H, m), 3.01 (6 H, s). 3.70 (2 H. brs), 6.65 (1 H. d), 6.75 (1 H, d), 7.06 (2 H, t), 7.10 - 
7.21 (3 H. m), 7.41 (1 H. d), 6.98 (1 H, s). Mass spectrum TSP m/z 471 (M + H)+ 

Synthesis Example 14a 2-t>Butoxycart)onyi-9Hsopropyl-2.3.4.9-tetrahvdro-1HH3Vrido[3.4-b]ihdole 

[0102] By the method described in Synthesis Example 6a. 106 mg (31% in yield) of the title compound was 
obtained from 300 mg (1.10 mmoO of 2-t-butoxycarbonyl-2.3,4,9-tetrahydro-1H-pyrido[3.4-b]indoIe, 133 mg (3.30 
mmol) of sodium hydride and 1 24 ^1 (1 .32 mmol) of 2*bromopropane. 

^H-NMR (CDCI3): 5 1 .50 (9 H, s), 1.56 (3 H, s). 1 .57 (3 H, s), 2.79 (2 H, br s). 3.73 (2 H. br s), 4.54 (1 H. m). 4.68 
(2 H. brs), 7.06 (2 H. dt). 7.13 (2 H. dt), 7.40 (1 H, d), 7.46 (1 H. d). 
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Synthesis Example ISa (the irwentive compound) 2a-f4-f9-lsoDroDvl>2,3.4.9>tetrahydro>1H'Dvridor3.4-b)indQl-2«ylV 
butyi]-2a.3.4.5-tetrahydPD-lH«ben? [cd]indol>2-one 

[0103] 

5 

(1) By the method described in Synthesis Example 13a (1), 57 mg (78% In yield) of 9-isopropyl-2,3,4,9-tetrahydro- 
1H-pyrido[3,4-b]indole hydrochloride was obtained from 106 mg (0.60 mmot) of 2-t-butoxycarbonyl-9-lsopropyl- 
2,3,4,9-tetrahydro-1 H-pyrido[3.4-b]indole. 

(2) By the method described in Synthesis Example 3a, the title compound was quantitatively obtained from 56 mg 
10 (0.26 mmol) of the 9-isopropyl-2,3,4,9-tetrahydro-1 l-l-pyrldo[3,4*b]lndole hydrochloride obtained in the above step 

(1) and 67 mg (0.22 mmot) of 2a-(4-broniobutyl)-2a,3«4,5-tetrahydro-i iH-benz[cd]lndol-2-one. 

^H-NMR (CDCfa): 5 1.12 (1 H, m), 1 .34 (2 H, m). 1.53 (8 H. m), 1.86 (3 H. m), 2.10 (2 H. m). 2,62 (2 H, m), 2.61 
(1 H, ddd), 2.76 (4 H, s), 2.80 (1 H, m), 3.66 (2 H. s), 4.47 (1 H, m). 6.64 (1 H, d), 6.76 (1 H. d). 7.00 - 7.1 1 (3 
15 H, m). 7.37 (1 H, d). 7.43 (1 H. d), 8.75 (1 H, s). Mass spectrum TSP m/z 442 (i\fl + H) + 

Synthesis Example 16a 2-t-Butoxycarbonvl-9-methoxycarbonvl-2.3.4.9-tetrahvdro-1 H-pyrido[3.4-b)inclole 

[0104] By the method described in Synthesis Example 6a. 325 mg (67% in yield) of the title compound was 
20 obtained from 400 mg (1 .47 mmol) of 2-t-butoxycari3onyl-2.3,4,9-tetrahydro-1 H-pyrido[3,4-bJlndole, 70 mg (1 .76 mmol) 
of sodium hydride and 136 pi (1 .76 mmol) of methyl chlorofomnate. 

^H-NMR (CDCI^: 6 1.51 (9 H, s). 2.70 (2 H. brs), 3.71 (2 H. brs). 4.01 (3 H. s), 4.80 (2 H, s). 7.25 (3 H, m). 7.38 

dH.d). 

25 

Synthesis Example 17a (the inventive compound) 2a>f4-f9-iVlethoxvcarbonvl-2.3.4.9-tetrahvdro-1H>pyrido r3.44)Vmdol- 
g-yl)>butyl1-2a.3.4,$-tetmhydrQ-1H-ben^[cj]indQl-g'pne 

[0105] 

30 

(1) By the method described in Synthesis Example 7a (1), 321 mg (95% in yield) of 9>methoxycarbonyl-2,3,4,9-tet- 
rahydro-1H-pyrido[3.4-b]indole trifluoroacetate was obtained from 325 mg (0.98 mmol) of 2-t-butoxycart3onyl*9- 

methoxycarbonyl-2,3,4,9-letrahydro-1H-pyrido[3,4-b]indole. 

(2) By the method described in Synthesis Example 3a, the title compound was obtained quantitatively from 201 mg 
35 (0.58 mmol) of the 9-methoxycart)onyl-2.3,4,9-tetrahydro-1H-pyrido[3,4-b]indole trifluoroacetate obtained in the 

above step (1) and 150 mg (0.49 mmol) of 2a-(4-bromobutyl)-2a,3,4,5-tetrahydro-lH-ben2[cd]indol-2-one. 

^H-NM R (CDCI3): 5 1 .1 1 (1 H. m), 1 .35 (2 H, m), 1 .53 (2 H. m), 1 .85 (3 H, m), 2. 1 0 (2 H. m), 2,52 (2 H, m), 2.60 
- 2.84 (6 H, m), 3.85 (2 H, br s), 4.00 (3 H, s), 6.68 (1 H, d). 6.78 (1 H, d), 7.09 (1 H, t). 7.23 (2 H, m). 7.37 (1 
40 H, dd). 8.07 (1 H. d), 8.49 (1 H, s). Mass spectrum TSP rn/z 458 (M + H)* 

Synthesis Example 18a 2-t-ButQx ycaibQnyl-9-cyanomethyl-2.3.4.9-tetrahydro-1H-pyrido[3.4-b]indole 

[0106] By the method described in Synthesis Example 6a, 116 mg (17% in yield) of the title compound was 
45 obtained from 600 mg (2.20 mmol) of 2-t-butoxycarbonyl-2,3,4,9-tetrahydro-1H-pyrido[3.4-b]indole, 132 mg (3.30 
mmol) of sodium hydride and 230 ^1 (3.30 mmol] of bromoacetonitrile. 

■•h-NMR (CDCI3): 5 1 .51 (9 H, s), 2.77 (2 H, br s). 3.74 (2 H, br s). 4.63 (2 H, s). 4.77 (2 H, br s). 7 1 7 (1 H. m). 7.26 

(2 H, m). 7.49 (1 H. d). 

so 

Synthesis Example 19a fthe inventive compound! 2a-[4-(9>CyanQmethyl-2 3.4.9.t6trahydrQ>lH>PVridQf3.4-b]indQ|.2-yn- 
butyl]-2a.3,4.5-tetrahydro-l H-benz[cd]indQl-2-Qne 

[0107] 

55 

(1) By the method described In Synthesis Example 7a (1), 9-cyanomethyl-2»3,4,9-tetrahydro*1H-pyrido[3,4- 
b]indole trifluoroacetate was obtained quantitatively from 115 mg (0.37 mmol) of 2-t-butoxycarbonyl-9«cyanome- 
thyl-2.3,4,9-tetrahydro-1H-pyrido[3.4-b]indole. 
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(2) By the method described in Synthesis Example 3a, 105 mg (74% in yield) of the title compound was obtained 
from 125 mg (0.38 mmol) of the 9-cyanomethyl-2»3,4,9-tetrahydro-1H-pyrtdo[3.4-b]indole trifluoroacetate obtained 
in the above step (1) and 99 mg (0.32 mmol) of 2a-(4-bromobutyl)-2a,3,4,5-tetrahydro-1H-ben2[cdlindol-2-one. 

^H-NMR (CDCI3): 5 1.11 (1 H, m), 1 .34 (2 H. m), 1.52 (2 H, m), 1.85 (3 H. m). 2.1 1 (2 H. m). 2.53 (2 H. m), 2.63 
(1 H. ddd). 2.79 (5 H. m). 3.62 (2 H, s). 4.79 (2 H. s). 6.67 (1 H. d), 6.78 (1 H, d). 7.09 (1 H. t). 7.12 - 7.26 (3 H. 
m), 7.45 (1 H, d), 8.44 (1 H, s). Mass spectrum TSP m/z 439 (M + H)* 

Synthesis Example 20a 2-t-Butoxycarbonyl>9-methoxymethyl>2.3.4.9-tetrahydro-1H'pyridof3.4-b)indote 

[0108] By the method described in Synthesis Example 6a, 419 mg (72% In yield) of the title conipound was 
obtained from 500 mg (1.84 mmol) of 2-t-butoxycart)onyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole. 110 mg (2.76 
mmol) of sodium hydride and 210 ^1 (2.76 mmol) of chloromethyl methyl ether. 

^ H-NMR (CDCI3): 6 1 .50 (9 H, s), 2.78 (2 H, br s), 3.24 (3 H, s). 3.76 (2 H, br s). 4.67 (2 H. br s), 5.33 (2 H. s). 7.12 
(1 H, dt). 7.20 (1 H. dt), 7.40 (1 H. d), 7.47 (1 H. d). 

Synthesis Example 21a (the inventive compound) 2a'[4-(9'Methoxvmethvl-2.3.4.9-tetrahvdro-1H-pvridor3.4-b]indoU2- 
yl)-butyl]>2a.3.4.5-tetrahvdro-1H-benz[cd]indol-2-one 

[0109] 

(1 ) A 1 .8 ml portion of 5 N hydrochloric acid was added to 9 ml of methanol solution containing 395 mg (1 .25 mmol) 
of 2-t-butoxycarbonyl-9-methoxymethyl-2,3,4.9-tetrahydro-lH-pyrido[3,4-b]indole and allowed to stand at room 
temperature for 3 days. This was adjusted to pH 8 with 5 N sodium hydroxide solution. Methanol was removed by 
evaporation under a reduced pressure and the resulting residue was extracted with chloroform. The extract was 
washed with water, dried (Na2S04) and then concentrated under a reduced pressure to obtain g-methoxymethyl- 
2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole quantitatively. 

(2) By the method described in Synthesis Example 3a, 141 mg (39% in yield) of the title compound was obtained 
from 195 mg (0.90 mmol) of the 9-methoxymethyl-2,3,4,9-tetrahydro-1 H-pyrido[3,4-b]indole obtained in the above 
step (1) and 253 mg (0.82 mmol) of 2a-(4-bromobutyl)-2a,3,4,6-tetrahydro-lH-benz[cd]indol-2-one. 

^H-NMR (CDCI3): 5 1 .1 1 (1 H, m). 1 .33 (2 H. m), 1 .53 (2 H. m), 1 .84 (3 H, m), 2.09 (2 H. m). 2.53 (2 H, m), 2.77 
(1 H. ddd). 2.81 (5 H, m), 3.19 (3 H, s). 3.67 (2 H, br s), 5.30 (2 H, s). 6.66 (1 H, d). 6.77 (1 H. d), 7.08 (2 H. 
m), 7.16(1 H.dt). 7.37(1 H. d). 7.43 (1 H. d). 8.56(1 H, br d). Mass spectrum TSP m/2 444 (M + H)* 

Synthesis Example 22a (the inventive intemnediate) 2-t-Butoxycarbonyl-9-carbamoylmethvl-2.3.4.9-tetrahydrQ-lH- 
pyrido[3.4-b]lndole 

[0110] By the method described in Synthesis Example 6a, 384 mg (63% in yield) of the title compound was 
obtained from 500 mg (1.84 mmol) of 2-t-butoxycarbonyl-2,3,4,9-tetrahydro-1H-pyrldo[3,4-blindole. 110 mg (2.76 
mmol) of sodium hydride and 380 mg (2.76 mmol) of bromoacetamlde. 

^H-NMR (CDCI3): 6 1 .49 (9 H. s). 2.75 (2 H, br s), 3.72 (2 H, br s), 4,54 (4 H, s), 6.69 (1 H. br s), 6.58 (1 H, br s), 
7.00 - 7,21 (3 H, m). 7.45 (1 H. d). 

Synthesis Example 23a ^the inventive compound) 2a44-(9-CarbamQyl methyl-2.3.4.9-t6trahydro-1 H-pvridQfa.4-b]lndQl- 
2-vl>-butvn-2a.3.4.5-tetrahvdrt)-1H-ben2[c dlindol-2-one 

[0111] 

(1) By the method described in Synthesis Example 7a (1), 362 mg (91% in yield) of 9-carbamoylmethyl-2.3,4,9-tet- 
rahydro-1 H-pyrido[3,4-b]indole trifluoroacetate from 384 mg (1 .16 mmol) of 2-t-butoxycarbonyl-9-carbamoylmethyl- 
2.3,4,9-tetrahydro-1 H-pyrido[3.4-b]indole. 

(2) By the method described in Synthesis Example 3a, 202 mg (91% in yield) of the title compound was obtained 
from 200 mg (0.58 mmol) of the 9-carbamoylmethyl-2.3,4,9-tetrahydro-1H-pyrido[3.4-b]indole trifluoroacetate 
obtained in the above step (1 ) and 1 50 mg (0.49 mmol) of 2a-(4-bromobutyl)-2a,3.4,5-tetrahydro-1 H-benz[cd]indoi- 
2-one. 
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.'H-NMR (CDCy: 5 1 .08 (1 H, m). 1 .29 (2 H, m), 1 .46 (2 H, m), 1 .82 (3 H. m). 2.06 (2 H, m), 2.48 (2 H. t), 2.61 
(1 H. ddd), 2.80 (5 H. m). 3.52 (2 H, s), 4,58 (2 H, s), 5.58 (1 H. brs), 6.52 (1 H. br s), 6.65 (1 H. d). 6.76 (1 H. 
d). 7.05 - 7.20 (4 H, m), 7.44 (1 H. d). 9.04 (1 H, s). Mass spectrum TSP m/z 457 (M + H)* 

5 Synthesis Example 24a (the inventive intermediated 2-t-Butoxvcarbonvl-9-diethvlcarfaamovl»2.3.4.9-tetrahydrQ-1H- 
pyridP[3.4-blindote 

[0112] By the method described in Synthesis Example 6a, 639 mg (78% in yield) of the title compound was 
obtained from 600 mg (2.20 mmol) of 2-t-butoxycarbonyl-2,3,4.9-tetrahydro-lH-pyrido[3.4-b]indole, 132 mg (3.30 
70 mmol) of sodium hydride and 41 9 ^1 (3.30 mmol) of N.N-diethylcarbamoyI chloride. 

^H-NMR (CDCI3): 6 1.20 (6 H, t), 1.48 (9 H, s), 2.77 (2 H. brs), 3.44 (4 H, m), 3.77 (2 H. brs), 4.67 (2 H, s), 7.14 - 
7.29 (3 H. m), 7.45 (1 H. d). 

IS Synthesis Example 25a fthe inventhre compound^ 2a-f4-(9-Diethylcarbamovi-2.3.4.9-tetrBhydro-1HHwridQr3.4>b]indQl- 

g-yl):l?Mtyl]-2fl.3,4.5-tetrfthy^rft'lH-bgn?[Pflin<iQl-2-png 

[0113] 

20 (1 ) By the method described in Synthesis Example 7a (1 ), 522 mg (79% in yield) of g-diethylcait>amoyl-2,3 A9-tet- 
rahydro-1 H-pyrido[3,4-b]indole trifluoroacetate was obtained from 639 mg (1.72 mmol) of 24-butoxycarbonyt-9- 
diethylcarbamoyl-2,3,4,9-tetrahydro-1 H-pyrido[3.4-b]indole. 

(2) By the method described in Synthesis Example 3a, 216 mg (88% in yield) of the title compound was obtained 
from 228 mg (0,59 mmol) of the 9-diethylcartamoyl-2,3.4,9-tetrahydro-1H-pyrido[3,4-b]indole trifluoroacetate 
25 obtained in the above step (1 ) and 152 mg (0.49 mmol) of 2a-(4-bromobutyl]-2a,3.4,5-tetrahydro-1 H-benz[cd]indol- 
2-one. 

^H-NMR(CDCl3): 5 1.14 (1 H, m). 1.18 (6 H. t). 1.35 (2 H, m), 1.52 (2H, m), 1.84 (3 H, m), 2.10 (2 H. m). 2.51 
(2 H, m), 2.65 (1 H, ddd). 2.79 (5 H, m). 3.39 (2 H, m). 3.52 (2 H, m), 3.67 (2 H, s), 6.65 (1 H, d). 6.78 (1 H. d), 
30 7.09 (1 H, t). 7.1 1 .7:24 (3 H. m), 7.43 (1 H, dd), 8.1 1 (1 H, s). FAB-MS m/2 499 (M + H)* 

Synthesis Example 26a (the inventive intemiediate^ 2>t-Butoxvcar bonvl-9-cafbam oyl-2.3.4.9-tetrahydrQ»lH-pyrido[3.4- 
b]indole 

35 [0114] A 10 ml portion of tetrahydrofuran (THF) solution containing 600 mg (2.20 mmol) of 2-t-butoxycarbonyl- 
2,3,4,9-tetrahydro-1 H-pyrido[3,4-b]indole was cooled to -78«C, mixed with 4.13 ml (6.60 mmol) of 1 .6 M n-butyl lithium 
hexane solution and stirred for 30 minutes, while temperature of the reaction solution increased to -45^C, This was 
mixed with 6 ml of THF solution containing 1 .31 g (4.40 nomol) of triphosgene and stirred for 3.5 hours, while tempera- 
ture of the reaction solution increased to 0*C. After additional 2 hours of stirring at room temperature, the reaction solu- 

40 tion was again cooled to -30**C. This was mixed with 20 ml of 28% ammonia aqueous solution, stirred for 30 minutes 
and then extracted with chloroform. The extract was washed with water, hydrochloric acid in that order and dried 
(Na2S04). and then the sohfent was removed by evaporation under a reduced pressure and the resulting oily material 
was purified by a silica gel column chromatography (1 40 cc; elution by ethyl acetate- hexane = 2:5) to obtain 469 mg of 
the title compound (68% in yield). 

45 

^H-NMR (CDCI3): 5 1,50 (9 H. s), 2.75 (2 H. brs). 3.75 (2 H, brs). 4.87 (2 H, br s). 5.75 (2 H. brs), 7.26 (2 H. m). 
7.47(1 H,brd), 7.74(1 H.brd). 

Synthesis Example 27a (the inventive compound^ 2a-[4-f9-Cart)amoyl-2.3.4.9-tetrahy_drO'1H-Dyrido[3.4-b]indol-2-yl)- 
50 butvll-2a.3.4.S-tetrahvdrQ-1H-benzfcdlindQl>2-Qne 

(01151 

(1) By the method described in Synthesis Example 7a (1 ), 394 mg (96% in yield) of 9-carbamoyl-2,3,4.9-tetrahydro- 
55 1 H-pyrido[3,4-b]indole trifluoroacetate was obtained from 395 rng (1 .25 mmol) of 2-t-butoxycart3onyl-9-carbamoyl- 

2,3,4,9-tetrahydro-1H-pyridoI3,4-b]indole. EI-MS m/x 215 (M)* 

(2) A 1.8 ml portion of DMF solution containing 83 mg (0.25 mmol) of the 9-carbamoyl-2.3.4.9-tetrahydro-1H- 
pyrido[3,4-b]lndole trifluoroacetate obtained in the above step (1) and 78 mg (0.25 mmol) of 2a-(4-bromobutyl)- 
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2a,3,4,5-tetraliydro-lH-benz[cd]indol-2-one was mixed with 132 ^1 (0.75 mmol) of diisopropylethylamine and 
stirred at room temperature for 2 days. The reaction solution was extracted with ethyl acetate, and the extract was 
washed with water. After drying (Na2S04), the solvent was reroved by evaporation under a reduced pressure and 
the thus obtained oily material was purified by a silica gel column chromatography (80 cc; elution by chlorofomn- 
5 methanol = 30:1) and further recrystallized from acetone-ethyl acetate to obtain 108 mg (96% in yield) of the title 
compound. 

^H-NMR (CD3OD): 8 1.06(1 H.m). 1.27 (2 H, m), 1.53 (2 H, m). 1.85 (3 H, m), 2.05 (1 H, ddd), 2.16(1 H. m), 
2.51 (2 H, m). 2.63 (1 H, ddd). 2.75 - 2.86 (5 H, m), 3.83 (2 H. brs). 6.69 (1 H, d). 6.78 (1 H, d). 7.10 (1 H, t), 
10 7.16 (1 H. dt), 7.23 (1 H. dt), 7.42 (1 H, d). 778 (1 H, d). Mass spectrum TSP m/i 443 (M + H)* 

Synthesis Example 2ea (the inventive intemnediate)2-t'Butoxvcarbonvl-9-methvlcarbamoyl-2.3.4.9-tetrahvdfo-1H- 
Dvrid6[3.4-b)indole 

15 [0116] This was synthesized by the same method of Synthesis Example 26a, except that methylamine aqueous ! 
solution was used Instead of the 20 ml of 28% ammonia aqueous solution (66% In yield). 

^H-NMR (CDCI3): 5 1 .49 (9 H. s), 2 71 (2 H, br t). 3.06 (3 H, br s), 3.71 (2 H. br t), 4.82 (2 H, s). 5.81 (1 H, br s). 
7.21 (2 H, m). 7.43 (1 H. d), 7.61 (1 H, br d). 

20 

Synthesis Example 29a (the inventive compound) 2a>f4-f9-Methylcafbamovl-2.3.4.9>tetrahydrQ.lH-pyrido [3.4-blindoU 
g-yl)-butyO>2P.3.4.5-tetrahydrP'1H't?enz[cpilinctol'2-QnQ 

[0117] 

25 

(1) By the method described in Synthesis Example 7a (1 ), 41 7 mg (83% in yield) of 9-methylcarbamoyl-2,3,4,9-tet- 
rahydro-lH'pyrldo[3.4-b]indole trifluorcacetate was obtained from 480 mg (1.46 mmol) of 2-t-butoxycafbonyI-9- 
methylcarbamoyl-2,3,4,9'tetrahydro-1H-pyrido[3,4-b]indole. 
Mass spectrum TSP m/z 230 (M + H)+ 
30 (2) By the method described in Synthesis Example 27a (2), 480 mg (66% in yield) of the title compound was 
obtained from 300 mg (0.87 mmol) of the 9-methylcarbamoyl-2.3,4,9-tetrahydro- 1 H-pyrido[3.4-b]indole trifluoroac- 
etate obtained in the above step (1) and 269 mg (0.67 mmol) of 2a-(4-bromobutyl)-2a,3,4,5-tetrahydro-iH- 
. benz[cd]indol-2*one. 

35 'H-NMR(CD30D): 5 1.05(1 H, m), 1.26 (2 H. m). 1.52 (2 H. m), 1 .85 (3 H. m), 2.04 (1 H, ddd), 2.17 (1 H.m), 

2.51 (2 H. m), 2.63 (1 H, ddd), 2.75 • 2.86 (5 H, m). 2.97 (3 H. s), 3.79 (2 H. br s), 6.69 (1 H, d), 6.78 (1 H. d). 
7.10 (1 H. t). 7.15 (1 H, dt), 7.22 (1 H. dt), 7.42 (1 H. d), 7.68 (1 H. d). 
Mass spectrum TSP m/z 457 (M + H)* 

40 Synthesis Example 30a fthe inventive compound) 2a-f4-f3.4-DlhydrQ-1H-bengo[4.S ]thienof2.3-c]pyrid1n-2-yl)-butyl]- 
2a.3.4,5-t^trahydro>1li-tyenz[fidlindol-2one 

[0118] By the method described in Synthesis Example 3a, the title compound was obtained quantitatively from 309 
mg (1.00 mmol) of 2a-(4-bromobutyl)-2a,3,4.6-tetrahydro-1H-benz[cd]indol-2-one and249mg (1.10 mmol) of 3,4-dihy- 
45 dro-1H-benzo[4,S]thieno[2,3-clpyridine hydrochloride. 

^H-NMR (CDCI3): 5 1,11 (1 H. m), 1.34 (2 H, m), 1.50 (2 H, m), 1.84 (3 H, m), 2.10 (2 H. m). 2.48 (2 H. m), 2.62 (1 
H. ddd). 2.80 (4 H, s). 2.82 (1 H, m), 3.67 (2 H, s). 6.67 (1 H. d). 6.77 (1 H, d). 7.09 (1 H, t), 7.28 (2 H. m), 7.53 (1 
H. d). 774 (1 H. d). 8.41 (1 H, s). Mass spectrum TSP m/z 41 7 (M + H)^' 

50 

Synthesis Example 31a 2-t>ButQxycarbQnvl-3.4-d]hydrQ-1H-ben20^.5]th ienQ(2.3.c1pyridine 

[01191 A 2.00 g (8.86 mmol) portion of 3,4'dihydro-1 H-benzo[4,5]thieno[2,3-c]pyridine hydrochloride was dissolved 
in a mixed solvent of 70 ml chlorofonn and 10 ml methanol, and the solution was mixed with 3.67 g (26.68 mmol) of 
55 potassium carbonate and cooled to 0**C. This was mixed with 2.24 ml (9.75 mmol) of di-t-butyl bicarbonate and stirred 
overnight at room temperature. The reaction solution was poured into ice-cooled water and extracted with chloroform. 
The extract was washed with water and dried (Na2S04), and then the solvent was removed by evaporation under a 
reduced pressure and the thus obtained oily material was purified by a silica gel column chromatography (250 cc; elu- 
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t'lon by ethyl acetate-hexane = 1 :6) to obtain 2.04 g of the title compound (80% in yield). 

^H-NMR (CDCI3): S 1 .50 (9 H. s), 2.82 (2 H, br s), 3.78 (2 H. br s), 4.70 (2 H. br s), 7.31 (2 H. m). 7.57 (1 H, d), 777 
(1H,d). 

5 

Synthesis Example 32a (the inventive intermediated 2-t-Butoxycarbonyl-3.4-dihydro-9-oxo>9-X.^1H' 

benzo[4.5]thieno[2.3-c]pyridine 

[0120] A 1 .83 g (6.32 mmol) portion of 2-t-butoxycarbonyl-3,4-dihydroO l-l-benzo[4,5]thieno[2,3-c]pyridine was dis- 
w solved in 90 ml of methanol and 18 ml of water, and the solution was cooled to O^C and mixed with 6.55 ml (12.64 mmol) 

of 24% titanium trichloride aqueous solution. At O^C. to this was added dropwise a solution prepared by adding 5.02 ml 

of 30% hydrogen peroxide aqueous solution to 14 ml of methanol, and the mixture was stirred at room temperature for 
. 2 hours. The reaction solution was mixed with excess water and extracted with chlorofonm. The extract was washed with 

water and dried (Na2S04), and then the solvent was removed by evaporation under a reduced pressure and the thus 
15 obtained oily material was purified by a silica gel column chromtography (250 oc; elution by ethyl acetate-hexane = 3:1 ) 

to obtain 1.74 g of the title compound (90% in yield). 

^H-NMR (CDCI3): 8 1 .50 (9 H, s). 2.66 (2 H. br s), 3.51 (1 H. br s). 3.95 (1 H, br s), 4.40 (1 H, br s). 4.72 (1 H. br 
d). 7.35 (1 H, d), 7.44 (1 H, t). 7.53 (1 H, t). 787 (1 H, d). FAB-MS m/z 306 (M + H)*. IR (cm"'): 1 040. 1060 (S = 0). 

20 

Synthesis Example 33a (the inventive compound) 2a-r4-(3.4-Dihydro-9-oxo-9-X^1H'benzQ[4.5]thienQ(2.3-c]pyridln-2- 
vn-butvn-2a.3.4.5-tetrahydrQ-1H-be nz[cd]indQl-2-Qne 

(0121] 

25 

(1) By the method described in Synthesis Example 7a (1), .1.09 g (88% in yield) of 3,4-d1hydro-9-oxo-9*X^-1H- 
benzo[4,5)thieno[2>c]pyridine trifluoroacetate was obtained from 1.19 g (3.69 mmol) of 2-t-butoxycarbonyl-3,4- 
dihydro-9-oxo-9-X'*-1H-berizo[4,5]thleho[2.3-clpyridlne. 
Mass spectrum TSP m/z 206 (M + H)* 
30 (2) By the method described in Synthesis Example 3a, 61 mg (54% in yield) of the title compound was obtained 
from 99 mg (0.31 mmol) of the 3,4>dihydro-9-oxo-9-X.'*-1H-benzo[4.5]thieno[2.3-c]pyridine trifluoroacetate obtained 
in the above step (1) and 80 mg (0.26 mmol) of 2a-(4-bromobutyl)-2a,3,4.5-tetrahydro-1H-benz[cd]indol-2-one. 

■•H-NMR (COCI3): 5 1 .13 (1 H. m). 1 .34 (2 H. m), 1 .46 (2 H, m), 1.83 (3 H, m). 2.1 1 (2 H. m), 2.49 (2 H, m), 2.59 
35 - 2.84 (6 H, m). 3.44 (1 H, m), 3.66 (1 H. m). 6.68 (1 H, dd), 6.77 (1 H. d), 7.09 (1 H. m), 7.29 (1 H, d), 7.39 (1 

t), 748 (1 H, t). 7.86 (1 H, d). 8.46 (1 H. d). Mass Spectrum TSP m/z 433 (M + H)^ 

Synthesis Example 34a (the inventive intemiedlate) 2-t-Butoxvcart>onvl-3.4-d]hvdro-9.9-dlQXQ-9-XS>iH- 

be n2o[4 . 5]th ie n o[2 . 3-c]py ridi ne 

[0122] A 42 mg (0.24 nimol) portion of m-chloropertsenzoic acid was added to 2 ml of dichloromethane solution 
containing 62 mg (0.20 mmol) of 2-t-butoxycart3onyl-3,4-dlhydro-9-oxo-9->.^-1H-benzo[4,5]thieno[2,3-clpyridine and 
stin-ed at 0*C for 2 hours. The reaction solution was mixed with excess water and extracted with chlorofonm, and the 
extract was washed with sodium thiosulfate aqueous solution and sodium bicarbonate aqueous solution in that order. 
45 After drying (Na2S04), the solvent was removed by evaporation under a reduced pressure to obtain the title compound 
quantitatively. 

^H-NMR (CDCIa): 5 1.50 (9 H. s), 2.64 (2 H, br s), 3.72 (2 H, brt), 4.43 (2 H. br s). 7.33 (1 H, d). 751 (1 H. t), 7.69 
(1 H. t). 7.72 (1 H, d). Mass spectrum TSP (positive) nrVz 339 (M + NH4)*, (negative) m/z 321 (M)' 

50 

Synthesis Example 35a (the inventive compound^ 2a-r4>^3.4-Dihydro-9.9-dioxo-9>X^'l H-benzQf4.S]thienor2.3>clPvridin> 
2>vl>-butvll-2a.3.4.5-tetfahvdrQ-1H-benz[c d)indol-2-one 

10123] 

55 

(1) By the method described in Synthesis Example 7a (1), 532 mg (86% in yield) of 3.4-dihydro-9,9-dioxo-9-A.^-1H- 
benzo[4,5]thieno[2,3-c]pyridine trifluoroacetate was obtained from 595 mg (1.85 mmol) of 2-t-butoxycarbonyl-3,4- 
dihydro-9.9-dioxo-9-X.®-1H-benzo[4.5]thieno[2.3-c]pyridine. 
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Mass spectrum TSP m/z 222 (M + H)* 

(2) By the method described in Synthesis Example 3a, 105 mg (36% in yield) of the trtle compound was obtained 
from 261 mg (0.7B mmol) of the 3,4-dihydro-9,9-dioxo-9-X®-lH-ben2o[4,5]thieno[2,3-c]pyridine trifluoroacetate 
obtained in the above step (1 ) and 200 mg (0.56 mmoi) of 2a-(4-bromobutyl)-2a,3,4,5-tetrahydro-l l-l-ben2[cd]]ndoi- 
5 2-one. 

^H-NIVIR (CDCI3): 5 1.11 (1 H. m), 1.30 - 1.47 (4 H, m). 1.83 (3 H. m). 2.1 1 (2 H, m), 2,46 (2 H, m), 2.56 (2 H, 
m), 2.63 (1 H, ddd), 2.71 (2 H. m). 2.82 (1 H, m)» 3,39 (2 H. br d), 6.71 (1 H, d), 6,78 (1 H, d). 7.09 (1 H, t), 7.26 
(1 H, d). 7.45 (1 H, t), 7.53 (1 H, t), 7.68 (1 H. d), 8.57 (1 H, s). Mass spectrum TSP m/z 449 (M + H)* 

10 

Synthesis Example 36a (the inventive compound^ 2a-r4-(3.4-DihvdrD-1H-benzor4.51furor2.3->c)DVfidin-2-vl)-butvn- 
2a.3.4.5'tetrahydrb-1H-benz[cd]indol-2-one 

[0124] By the method described in Synthesis Example 3a, 160 mg (56% in yield) of the title compound was 
15 obtained from 1 47 mg (0.85 mmol) of 3,4-dihydro-1 H-benzo[4,5Jfuro[2,3-c]pyridine and 218 mg (0.71 mmol) of 2a-(4- 
bromobutyl)-2a,3,4,5-tetrahydro-1H-benz[cd]indol-2-one. 

^H-NMR (CDCI3): 5 1.11 (1 H, m), 1.34 (2 H, m), 1.49 (2 H. m), 1.83 (3 H. m), 2.09 (2 H, m), 2.48 (2 H. m), 2.62 (3 
H, m), 2.74 (2 H. t), 2.81 (1 H, m), 3.57 (2 H, s), 6.67 (1 H, d). 6.76 (1 H, d), 7.07 (1 H, t), 7.1 7 (2 H, m), 7.37 (2 H, 
20 m), 8.90 (1 H. br s). EI-MS m/z 400 (M)+ 

Synthesis Example 37a 24-ButoxycarfaQnyl-9-methoxycarbQnylmethyl.2.3.4.9-tetrahydro>1H-pyririn[3 .4>b]in^ 

[0125] A 21 8 mg (5.45 mmol) portion of sodium hydride was added to 12 ml of DMF solution containing 0.99 g (3,64 
25 mmol) of 2-t-butoxycarbonyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole, and the mixture was stirred at room tempera- 
ture for 30 minutes, mixed with 0.52 ml (5.45 mmol) of methyl bromoacetate and again stirred overnight at room tem> 
perature. The reaction solution was extracted with ethyl acetate and washed with water. After drying (Na2S04), the 
solvent was removed by evaporation under a reduced pressure and the thus obtained oily material was purified by a 
silica gel column chromatography (200 cc; elution by ethyl acetate-hexane = 1 :3) to obtain 0.96 g of the title compound 
30 (77% in yield). 

1 H-NMR (CDCIg): 5 1 .50 (9 K s). 2.79 (2 H. br s). 3.72 (3 H, s). 3.74 (2 H, br s). 4.66 (2 H. s). 4.68 (2 H. s). 7.08 - . 
. 7.18 (3 H.m), 7.48(1 H, d). 

35 Synthesis Example 38a (the inventive compound) 2a-[4-(9>Methoxycarbonylmethyl-2.3.4.9-tetrahydro-1H-pyrido[3.4' 
blindoi-2-viVbutvlV2a.3.4.5-tetrahvdro-1H-benz[cd]indol-2-one 

[0126] 

40 (1) A 10 ml portion of dichloromethane solution containing 344 mg (1.00 mmol) of 2-t-butoxycarbonyl-9-methoxy- 
carbonylmethyl-2.3i4,9-tetrahydro-1H-pyrido[3,4-blindole was mixed with 1 ml of anisole and 1 ml of trifluoroacetic 
acid and stirred at room temperature for 4 hours. The solvent was removed by evaporation under a reduced pres- 
sure, and the resulting residue was precipitated by adding acetone and diisopropyl ether, thereby obtaining 9-meth- 
oxycarbonylmethyl-2,3,4,9-tetrahydro-1H-pyrido{3,4-b]indole quantitatively as trifluoroacetate. 

45 (2) A 0.30 ml (2.13 mmol) portion of triethylamine was added to 7 ml of DMF solution containing 236 mg (0.71 
mmol) of the 9-methoxycarbonylmethyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole trifluoroacetate obtained in the 
above step (1) and 200 mg (0.65 mmol) of 2a-(4-bromobutyl)-2a.3.4,5-tetrahydro-lH-benz[cd]indol-2-one, and the 
mixture was stirred at room temperature for 2 days. The reaction solution was extracted with ethyl acetate and 
washed with water. After drying (Na2S04), the solvent was removed by evaporation under a reduced pressure and 

so the thus obtained oily material was purified by a silica gel column chromatography (60 cc: elution by chloroform- 
methanol = 40:1) and further recrystallized from acetone-diisopropyl ether to obtain 197 mg of the title compound 
(64% in yield). 

'H-NMR (CDCI3): 5 1 .1 1 (1 H. m). 1.34 (2 H. m), 1.48 (2 H. m). 1 .85 (3 H, m), 2.12 (2 H, m), 2.51 (2 H. m), 2.62 
55 (1 H. ddd), 2.82 (5 H, m), 3.56 (2 H, s), 3.69 (3 H, s). 4.66 (2 H. s), 6.64 (1 H, d). 6.77 (1 H, d), 7.06 - 7.17 (4 

H, m), 7.44 (1 H. d). 8.61 (1 H. s). Mass spectrum TSP m/i 472 (M + H)* 
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Synthesis Example 39a (the inventive intermediated 2-t-Butoxycarbonyl'9-methylcarfaamoylmethyl-2.3.4.9-tetrahvdro- 

1H'PyndQ[3.4-t>]int<Qte 

[0127] A 10 ml portion of tetrahydrofuran solution containing 0.62 g (1 .80 mmol) of 2-t-butoxycarbonyl-9-methoxy- 
5 carbonylmethyl-2,3,4,9-tetrahydro-1 H-pyrido[3,4-b]indole was mixed with 2 ml of aqueous solution containing 0.22 g 
(5.40 mmol) of sodium hydroxide and stirred overnight at room temperature. This was acidified by adding 1 N hydro- 
chloric acid and extracted with chlorofonn. Tlie extract was washed with water and dried (Na2S04). and then the solvent 
was removed by evaporation under a reduced pressure. The thus obtained residue was dissolved in 12 ml of ace- 
tonitriie, and the solution was mixed with 557 mg (2 JO mmol) of N,N-dicydohexylcarbodlimide and 365 mg (2.70 mmol) 
10 of 1 -hydroxybenzotriazole and stirred at room temperature for 2 hours. The reaction solution was cooled to O'^C, mixed 
with 2 ml of 40% methylamlne aqueous solution and again stirred at room temperature for 30 minutes. The insoluble 
matter was removed by filtration, the solvent was removed by evaporation under a reduced pressure and then the 
resulting residue was purified by a silica gel column chromatography (1 30 cc; elutton by chlorofomrvmethanol = 30:1 ) to 
obtain 542 mg of the title compound (88% in yield). 

15 

^H-NMR (CDCI3): 5 1 .50 (9 H, s), 2.70 (2 H, d), 2.80 (2 H, br t). 3.76 (2 H. br t). 4.54 (2 H, s), 4.68 (2 H. s). 5.66 (1 
H, br s). 7.1 7 (3 H. m), 7.50 (1 H. d). 

Synthesis Example 40a (the inventive compound) 2a-[4-(9-Methylcarbamovlmethvl'2.3.4.9>tetrahydro-1 H-pyrido[3.4- 
20 b)indol'2-yh>butyl)-2a.3.4.5-tetrahydro-1H-benz[cd]indol-2-one 

[0128] 

(1) A 1 0 ml portion of dlchloromethane solution containing 541 mg (1 .58 mmol) of 2-t-butoxycarbonyl-9-methylcar- 
25 bamoylmethyl-2,3.4,9-tetrahydroOH-pyrido[3,4-b]lndole was mixed with 1 ml of anisole and 1 ml of trlfluoroacetic 

acid and stirred overnight at room temperature. The solvent was reroved by evaporation under a reduced pressure, 
and the resulting residue was precipitated by adding acetone and diisopropyl ether, thereby obtaining 465 mg (89% 
in yield) of 9-methylcaft)amoylmethyl-2,3,4,9-tetrahydro-1 H-pyrido[3,4-b]!ndole as trifluoroacetate. 

(2) A 415 mg (3.00 mmol) portion of potassium carbonate was added to 6 ml of DMF solution containing 330 mg 
30 (1 .00 mmol) of the 9-methylcarbamoylmethyl-2,3,4,9-tetrahydro-1 H-pyrido[3,4-b]indole trifluoroacetate obtained in 

the above step (1) and 308 mg (1 .00 mmol) of 2a-(4-bromobutyi)-2a,3,4,5-tetrahydro-1 H-benz[cd]indol-2-one, and 
the mixture was stirred at room temperature for 4 days. The reaction solution was extracted with ethyl acetate and 
washed with water. After drying (rsJa2S04), the solvent was removed by evaporation under a reduced pressure and 
the thus obtained oily material was purified by a silica gel column chromatography (100 cc; elution by chlorofomr)- 
35 methanol = 30:1) to obtain 399 mg of the title compound (85% in yield). 

^H-NIVIR(CDCl3): 6 1.14(1 H. m), 1.33 (2 H, m), 1.51 (2H.m). 1.86(3 H, m). 2.11 (2 H, m), 2.52 (2 H, m). 2.64 
(1 H. m), 2.69 (3 H, d). 2.82 (5 H, m), 3.52 (2 H, s), 4.60 (2 H. s), 5.50 (1 H, q), 6.67 (1 H, d), 6.79 (1 H. d), 7.09 
- 7.20 (4 H. m), 7.49 (1 H, d), 8.13 (1 H, s). Mass spectrum TSP m/z 471 (M + H)* 

40 

Synthesis Example 41a (the inventive intermediate) 2-t-Butoxycarbonyl-9-dimethylcarbamQylmethyl-2.3.4.9-tetrahydrO' 
1 H-pyrido[3.4-b]indole 

[0129] 

45 

(1) Methanol (100 ml) and sodium hydroxide solution (1 N, 22 mmol) were added to 2-t-butoxycarbonyl-9-methox- 
ycarbonylmethyl-2,3,4,9-tetrahydro-1 H-pyrido[3,4-b]indole (7.42 g, 21.5 mmol) and stirred at room temperature for 
2 hours, the solvent was reroved by evaporation under a reduced pressure, the thus obtained oily material was dis- 
solved in ethyl acetate (100 ml) and then the ethyl acetate layer was washed with water, dried with anhydrous 

50 - sodium sulfate and concentrated under a reduced pressure. The resulting residue was precipitated by adding diiso- 
propyl ether (30 ml), thereby obtaining 5.29 g (16.0 mmol, 74.4% in yield) of 2-t-butoxycarbonyl-9-cartx)xymethyi- 
2.3,4.9-tetrBhydro-1 H-pyrido[3.4-b]indole. 

(2) The 2-t-butoxycarbonyl-9-carboxymethyl-2,3.4.9-telrahydro-lH-pyrido[3.4-b]indole (1 .65 g. 5.0 mmol) obtained 
in the above step (1) was dissolved in methylene chloride (30 ml), and the solution was mixed with carbonyldiimi- 

55 dazole (0.81 g. 5.0 mmol), stirred at room temperature for 30 minutes, mixed with 2 M dimethylamine-THF solution 
(3 ml. 6.0 mmol) and further subjected to 1 hour of the reaction. The reaction solution was concentrated, the result- 
ing residue vi^s dissolved in ethyl acetate (50 ml), washed with water and dried with anhydrous sodium sulfate, and 
then the solvent was removed by evaporation under a reduced pressure. By adding diisopropyl ether (30 ml) to the 
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resulting residue, 1 .71 g of the thus precipitated title compound (4.8 mmol, 96% in yield) was obtained as crystals. 

Mass spectrum EIIVIS xxMz 357 (M)^; ^H-NMR (CDCI3): 5 1 .50 (9 H, s), 2.81 (2 H. br s), 3.00 (3 H, s). 3.1 1 (3 H. 
s), 3.76 (2 H. s). 4.55 (2 H, s), 4.77 (2 H. s). 7.09 (1 H. m), 7.16 (2 H. d). 7.48 (1 H. d) 

5 

Synthesis Example 42a rthe inventive compound! 2a-r4-^9>DimethylcarbamovlmethvN2.3.4.9-tetrahvdrQ-1H-Dyridof3.4- 
b1indol>2-yl)-butyi)-2a.3.4.S- tetrahydro-1H-benzfcd]indol-2-one 

[0130] 

10 

(1) Dichloromethane solution (20 ml) of 2-t-butoxycarbonyl-9<d]methylcarbamoylmethyl-2,3,4,9-tetrahydro-1H- 
pyrido[3,4-b]indole (1.43 g, 4.0 mmol) was mixed with anisole (2 ml) and trifluoroacetic acid (3 ml) and stirred at 
room temperature for 18 hours. The solvent was removed by evaporation under a reduced pressure, and the result- 
ing residue was precipitated by adding acetone (2 ml) and diisopropyl ether (20 mi), thereby obtaining trifluoroace- 

15 tic acid salt of 9-dimethylcarbamoylmethyl-2.3,4,9-tetrahydro-1H-pyrido[3,4-b]indole. Yield 1.50 g (4.0 mmol), 
100%. 

(2) The 9-dimethylcarbamoylmethyl-2,3,4,9-tetrahydro-1H-pyrido(3,4-b]indole trlfluoroacetate (742 mg, 2.0 mmol) 
obtained in the above step (1) and 616 mg (2.0 mmol) of 2a-(4-bromobutyl)-2a.3,4,5-tetrahydrO'1H-benz(cd]indol- 
2-one were dissolved in DMF (20 ml), and the solution was mixed with 828 mg (6.0 mmol) of anhydrous potassium 

20 carbonate and stirred at room temperature for 2 days. Ethyl acetate (50 ml) and water (50 ml) were added to the 
reaction solution, and the thus precipitated crystals were collected by filtration to obtain 675 mg of the title com- 
pound (1 .43 mmol, 72% in yield). 

ElMS m/z 484 (M)^: ^ H-NMR (CDCb): 6 1 .08 (1 H, m). 1 .26 - 1 .35 (2 H. m). 1 .50 (2 H. m), 1 .82 - 1 .86 (3 H, m). 
25 2.05 - 2.15 (2 H. m). 2.51 (2 H, t), 2.59 (1 H, m), 2.77 (3 H. s), 2.81 {1 H. m), 2.88 (1 H, s). 2.98 (3 H. s). 3.09 

(3 H, s), 3.53 (2 H, s), 4.75 (2 H. s), 6.66 (1 H, d), 6.76 (1 H. d), 7.02 - 7.15 (4 H, m), 7.43 (1 H, d), 9,1 1 (1 H. 
brs) 

Synthesis Example 43a 2-t-Butoxvcarbonvl-9'(2-acetoxy-ethvl)-2.3.4.9-tetrahydro-1 H-pyrido[3.4'b]indole 

30 

[0131] Anhydrous DMFsolution (10 ml) of 2-t-butoxycarbonyI-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole (2.72 g, 10 
mmol) was mixed with 60% sodium hydride (0.4 g, 10 mmol) and stin-ed at room temperature for 1 hour. The reaction 
solution was cooled to -eO'^C, mixed with 2-acetoxy-1 -bromoethane (1 .67 g, 1 0 mmol) and then returned to room tem- 
perature while stirring for 1 hour. The reaction solution was mixed with ethyl acetate, washed with water and dried with 
35 anhydrous sodium sulfate, and then the solvent was removed by evaporation under a reduced pressure, the thus 
obtained residue was mixed wrth diisopropyl ether (20 ml) and the thus precipitated crystals were collected by filtration 
to obtain 1 .90 g of the title compound (5.3 mmol, 53% in yield). 

EI-MS m/2 358 (M)*; ^H-NMR (CDCI3): 6 1 .51 (9 H. s). 2.01 (3 H, s). 2.81 (2 H, br s). 3.75 (2 H, br s). 4.27 (2 H. t). 
40 4.33 (2 H, t). 4.69 (2 H, brs). 7.11 (1 H, I). 7.19 (1 H, t), 7.30 (1 H, d), 7.49 (1 H. d) 

Synthesis Example 44a (the Inver ^tive compound) 2a-(4-(9-r2>hvdroxy-ethvlV2.3.4.9-tetrahvdrQ-pyridof3.4-b)indol-2-ylV 
butylV2a.3.4.S-tetrahvdro-1H-ben2[cdlmdol-2-one 

4S [0132] 

(1) Dichloromethane solution (20 ml) of 2-t-butoxycart)onyl-9-(2-acetoxy-ethyl)-1,3,4,9-tetrahydro-pyrido[3,4- 
bjindole (1 .79 g, 5.0 mmol) was mixed with anisole (3 ml) and trifluoroacetic acid (5 ml) and stin-ed at room temper- 
ature for 18 hours. The solvent was removed by evaporation under a reduced pressure, and the resulting residue 

50 was precipitated by adding acetone (2 ml) and diisopropyl ether (20 ml), thereby obtaining 9-(2-acetoxy-ethyl)- 
2.3.4.9-tetrahydro-1H-pyrido[3.4-b)indole trlfluoroacetate (426 mg. 1 .0 mmol). 

(2) The trlfluoroacetate obtained in the above step (1) (420 mg, 1.0 mmol) and 2a-(4-bromobutyl)-2a.3.4,5-tetrahy- 
dro-1H-benz[cdJindol-2-one (308 mg, 1.0 mmol) were dissolved in methanol (20 ml), and the solution was mixed 
with potassium carbonate (560 mg, 4.0 mmol) and stirred under heating for 15 hours. The reaction solution was 

55 concentrated under a reduced pressure, and the thus obtained residue was dissolved in ethyl acetate and washed 
with water. After drying with anhydrous sodium sulfate, the solvent was removed by evaporation under a reduced 
pressure and the thus obtained oily material was purified by a silica gel column chromatogr^hy (elution by chloro- 
fbrm-methanol = 20:1) to obtain 108 mg of the title compound (23% in yield). 
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EI-MS m/z 443 (M>*; ^H-NMR (CDCI3): 6 1.10 (1 H, m). 1.25 (2 H, s). 1.34 (2 H. m). 1.39 (2 H. m). 1.51 (2 H, 
m). 1.66 (1 H. m), 1.85 (4 H, m), 2.10 (2 H, m), 2.51 (2 H. m), 2.64 (1 H, m), 2.83 (1 H. m). 3.66 (2 H, q). 3.86 
(1 H. t). 4.1 1 (2 H. t), 6.64 (1 H. d), 6.80 (1 H. d). 7.10 (3 H, m). 7.27 (1 H, cQ. 7.45 (1 H. d), 7.61 (1 H. s) 

5 Synthesis Example 45a fthe inventive mtemnediate^ 2-t-ButoxYcait)onvl-9-ailvl-2.3.4.94etrahvdfO-1H-oyridQ[a,4> 
b]indp|g 

[0133] Anhydrous DMF solution (10 ml) of 2-t-butoxycarbonyl-2.3.4,9-tetrahyclro-1H-pyrido(3.4*b]indole (4.40 g, 
16.2 mmol) was mixed with 60% sodium hydride (700 mg. 10 mmol) and stin-ed at room temperature for 1 hour. The 
10 reaction solution was cooled to -60''C. mixed with ally! bromide (2.18 g, 1 8 mmol) and then returned to room tempera- 
ture by further stining for 1 hour. The reaction solution was mixed with ethyl acetate (150 ml), washed with water and 
dried with anhydrous sodium sulfate, and then the solvent was removed by evaporation under a reduced pressure. The 
thus obtained residue was purified by a siiica gel chromatography to obtain 4.32 g of the title compound as an oil (13.8 
mmol, 87% in yield). 

15 

EI-MS m/z 312 (M)^ ^H-NMR (CDCI3): 5 1 .50 (9 H. s), 2.81 (2 H. br s). 3.75 (2 H, br s), 4.60 (2 H, br s), 4.62 (2 H. 
m). 4.94 (1 H. d), 5.14 (1 H, d). 5.92 (1 H, m), 7.10 (1 H. t), 7.17 (1 H. t). 7.27 (1 H, d), 7.49 (1 H. d) 

Synthesis Example 46a (the inventive compound) 2a-f4-f9'Allyl>2.3.4.9~tetrahydrO'1H-pyridQ[3.4-b1lndol-2>yl)-butyl)- 
20 2a.3.4.S>tetrahvdro-1H-ben z[cd)lndQi-2-on6 

[0134] 

(1) Dichloromethane solution (20 ml) of 2-t-butoxycartDonyI-9-allyl-2.3.4,9-tetrahydro-1H-pyrido[3.4-blindole (624 
25 mg. 2.0 mmol) was mixed with anisole (2 ml) and trifiuoroacettc acid (3 ml) and stinted at roonn temperature for 6 

hours. By removing the solvent by evaporation under a reduced pressure, 9-allyl-2,3,4.9-tetrahydro-pyrido[3,4- 
b]indole was obtained as trifluoroacetate. 

(2) The trifluoroacetate obtained in the above step (1) and 2a-(4-bromobutyl)-2a.3.4,5-tetrahydro-1H- 
behz[cd]indol-2-one (61 6 mg, 2.0 mmol) were dissolved in DMF (20 ml), and the solution was mixed with anhydrous 

30 potassium cart^onate (828 mg, 6.0 mmol) and stinted at room temperature for 2 days. The reaction solution was 
mixed with ethyl acetate, washed with water and dried with anhydrous sodium sulfate, and then the solvent was 
removed by evaporation under a reduced pressure and the thus obtained oily material was purified Isy a silica gel 
column chromatography (elution by chloroform-methanol = 20:1) to obtain 404 mg of the title compound (46% in 
yield). 

35 

EI-MS m/z 439 (M)^; ^H-NMR {CDCI3): 5 1.12 (1 H, m), 1.36 (2 H, m), 1.53 (2 H, m), 1.86 (3 H, m), 2.1 1 (2 H. 
m), 2.52 (2 H. m). 2.64 (1 H, m), 2.80 (5 H, m). 3.58 (2 H, s). 4.57 (2 H. m), 4.88 (1 H, dd). 6.09 (1 H, dd). 5.89 
(1 H, m), 6.67 (1 H. d). 6.80 (1 H. d), 7.10 (3 H, m). 7.22 (1 H. d). 7.36 (1 H. brs). 7.46 (1 H. d) 

^ Synthesis Example 47a rthe inventive intermediate) 2-t>ButQxycart3Qnyl-9-(2^xo-propyn-2.3.4.9-t etrahydro-1H- 
pvrido[3.4-b)indole 

[0135] Palladium chloride (100 mg) and cupric chloride dihydrate (50 mg) were added to DMF solution (30 ml) of 2- 
t-butoxycarbonyl-9-allyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole (1.90 g, 6,1 mmol) and stin-ed at room temperature 
45 for 18 hours. The reaction solution was mixed with ethyl acetate, washed with water and dried with anhydrous sodium 
sulfate, and then the solvent was removed by evaporation under a reduced pressure, the thus obtained residue was 
mixed with diisopropyl ether (20 ml) and the thus precipitated crystals were collected by filtration to obtain 1 .1 7 g of the 
title compound (59% in yield). 

50 • EI-MS rTVz 328 (M)*: ^H-NMR (CDCI3): 6 1.50 (9 H, s). 2.08 (3 H. s). 2.83 (2 H. brs), 3.77 (2 H. brs). 4.52 (2 H. br 
s). 4.71 (2 H. br s), 7.13 (2 H. t). 7.20 (1 H, t). 7.51 (1 H. d) 

Synthesis Example 48a (the inventive compound^ 2a-f4-(9-f2-oxo-propvlV2.3.4.9-tetrahvdro-1H-pvridof3.4-b1indol-2' 
vn-butvlV2a.3.4.5-tetrahvdrO'1H-ben2fcdrmdol-2-one 

55 

[0136] 

(1) Dichloromethane solution (7 ml) of 2-t-butoxycarbonyl-9-(2-oxo-propyl)-2,3,4.9-tetrahydro-lH-pyrido(3,4- 
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b]indole was mixed with anisole (0.5 ml) and trifluoroacetic add (1.0 ml) and stirred at room temperature for 18 
hours. The solvent was removed by evaporation under a reduced pressure, and the resulting residue was precipi- 
tated by adding acetone and diisopropyl ether, thereby obtaining 9-(2-oxo-propyl)-1,3,4,9-tetrahydro-pyrido[3,4- 
bjindole trifluoroacetate. Yield 217 mg (0.63 mmol). 93%. 

5 (2) The 9-(2-oxo-propyl)-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]jndole trifluoroacetate obtained in the above step (1) 
(200 mg. 0.58 mmol) and 2a-(4-bromobutyl)-2a,3,4,5-tetrahydro-1H-benz[cd]indol-2-one were dissolved in DMF 
(20 ml), and the solution was mixed with anhydrous potassium carbonate (240 mg, 1 .74 mmol) and stirred at room 
temperature tor 2 days. The reaction solution was mixed with ethyl acetate, washed with wiater and dned with anhy- 
drous sodium sulfate and then the solvent was removed by evaporation under a reduced pressure. The thus 

10 obtained residue was purified by a silica gel column chromatography (elution by chloroform-methanol = 20:1) to 
obtain 1 74 mg of the title compound (0,38 mmol. 66% in yield). 

EI-MS m/2 455 (M)*; 'H-NMR (CDCI3): 5 1 .1 3 (1 H. m), 1 .36 (2 H. m), 1 .51 (2 H. m), 1 .85 (3 H, m), 1 .99 (3 H, 
s), 2.10 (2 H, m), 2.52 (2 H, m). 2.66 (1 H, m), 2,79 (5 H. m). 3.51 (2 H, s), 4.62 (2 H, s), 6.66 (1 H, d), 6.80 (1 
IS H. d). 7.12 (4 H. m), 7.27 (1 H. m), 7.49 (1 H, d) 

2. Synthesis examples of the compound (1) of the invention having group (b) and its production intermediate 

Synthesis Examp le lb (the inventive compound^ 2a-r4-n. 2.3.4 .4a.5-HexahvdroDvra2inof2.1'C].4-ben2Qxa2in-3>vlV 
20 butyll-2a.3.4.S-tetrahydro-1H-ben2fcd]indol-2-Qne 

[0137] A 415 mg (3.00 mmol) portion of potassium carbonate was added to 6 ml of DMF solution containing 227 
mg (1.00 mmol) of 1,2,3.4,4a,5-hexahydnopyra2ino[2.1-c]-1.4-ben20xa2ine hydrochloride and 308 mg (1.00 mmol) of 
2a-(4-bromobutyl)-3.4,5-tetrahydro-1H-ben2[cd]]ndol-2-one and stirred at room temperature for 2 days. The reaction 
25 solution was mixed with ethyl acetate and washed with water, and the water layer was extracted with ethyl acetate. The 
organic layers were combined and dried (Na2S04), and then the solvent was removed by evaporation under a reduced 
pressure and.the thus obtained oify material was purified by a silica gel column chromatography (100 cc; elution by 
chloroform-methanol = 30:1). By further recrystaircing from ethyl acetate-diisopropyl ether, 302 mg of the title com- 
pound was obtained (72% in yield). 

30 

^H-NMR (CDCI3): 5 1 .09 (1 H, m), 1.37 (4 H. m). 1 .69 - 1 .90 (4 H. m), 2.1 1 (3 H, m), 2.25 (2 H, m), 2.63 (1 H, ddd), 
2.70 - 2.91 (4 H. m), 3.12 (1 H, m). 3.59 (1 H. m), 3.94 (1 H, t), 4.13 (1 H, m), 6.67 - 7.08 (6 H. m). 7.1 1 (1 H, t). 
8.85 (1 H, s). Mass spectrum TSP m/2 418 (M + H)* 

35 Synthesis Example 2b 3-ft-Butoxvcarbonyhaminomethyl-3.4-dihvdrD-2H-l.4-ben2thia2ine 

[0138] A 9 ml portion of 5 N hydrochloric acid was added to 1.14 g (4.28 mmol) of 3.4-dihydro-3-(4-hydroxybu- 
tanoyl)amlnomethyl-2H-l ,4-ben2thiazine and stin'ed at room temperature for 1 .5 hours and then at 50*C for 1 hour The 
reaction solution was returned to iroom temperature, alkalified by adding 50 ml of 1 N sodium hydroxide and extracted 

40 with ethyl acetate. After drying {Na2S04), the solvent was removed by evaporation under a reduced pressure and the 
thus obtained oily material was dried under a reduced pressure and dissolved in 15 ml of THR This was mixed with 5 
ml of 1 N sodium hydroxide, cooled to 0*C. mixed with 1.13 ml (4.94 mmol) of d-t-butyl bicarbonate and stirred at room 
temperature for 2 hours. The reaction solution was extracted with ethyl acetate and dried (Na2S04), and then the sol- 
vent was removed by evaporation under a reduced pressure and the resulting residue was purified by a silica gel col- 

45 umn chromatography (140 cc; elution by ethyl acetate-hexane = 1:2) to obtain 0.81 g of the title compound (68% in 
yield). 

^HrNMR (CDCIa): 6 1 .49 (9 H, s), 2.77 (1 H, dd), 2.86 (1 H, dd), 3.08 (3 H, m), 3.39 (1 H. m), 3.70 (1 H. br d). 4.04 
(2 H. brs). 6.76 (1 H, dt), 6.84 (1 H. d). 7.11 (1 H, m), 7.18 (1 H. dd). EI-MS m/2 306 (M)"^ 

50 

Synthesis Example 3b 3-(t-ButoxvcarbQnvl)aminQ methvl-4-chlQroacetyl-3.4-dihvdrQ-2H-1 ■4-benzthia2ine 

[0139] A 0.48 ml (3.47 mmol) portion of triethylamlne was added to dichloromethane solution (10 ml) containing 
0,81 g (2.89 mmol) of 3-(t-butoxycarbonyl)aminomethyl-3,4-dihydro-2H-l,4-ben2thia2ine and cooled to 0°C. This was 
55 mixed with 0.28 ml (3.47 mmol) of chloroacetyl chloride and stirred at room temperature for 3 hours. The reaction solu- 
tion was poured into ice water and extracted with chlorofomi. The extract was washed with dilute hydrochloric acid and 
dried (Na2S04), and then the soh^ent was removed by evaporation under a reduced pressure. The thus obtained resi- 
due was purified by a silica gel column chromatography (180 cc; elution by ethyl acetate-hexane = 1:1) and further 



38 



3NS00CID <EP 10578t4A1J_> 



EP 1 057 814 Al 



recrystaU'ized from ethyl acetate-hexane to obtain 0.64 g of the title compound (62% in yield). 

^H-NMR (CDCI3): 5 1.42 (9 H, s), 2.84 (1 H, m), 3.08 (1 H, m). 3.28 (1 H, m), 3.36 (1 H. m). 3.96 (1 H. brd), 4.18 
(1 H. br d). 4.94 (1 H. br s). 5.26 (1 H, br s), 7.28 (4 H, m). EI-MS m/z 356 (M)^ 

5 

Synthesis Example 4b 34-BiJtQXYcart3Qnyt-1.2.3.4.4a.S>hexahvdroDVfa2fnof2.1-cl-1.44)enzrhia2m 

[0140] A 13.47 g (97.43 mmol) portion of potassium carbonate was added to DMF solution (360 ml) containing 
11.59 g (32.48 mmol) of 3-(t-butoxycart)onyl)aminomethyl-4-chloroacetyl-3,4>dihydro-2H-l,4-benzthiazine and stirred 

TO at room temperature overnight and then at 60^C for 3 hours. This was returned to room temperature, mixed with cool 
water and extracted with ethyl acetate. The extract was dried (Na2S04) and then concentrated under a reduced pres- 
sure. The thus dried residue under a reduced pressure was dissolved in 1 80 ml of tetrahydrofuran and cooled to O^C. 
. This was mixed with 4.48 ml (48.72 mmol) of borane-dimethyl sulfide complex and stirred at O'^C for 2 hours and then 
at room temperature for 2 hours. Cool water was added dropwise to the reaction solution which was subsequently 

15 stirred for 30 minutes and then extracted with ethyl acetate. The extract was washed with dilute hydrochloric acid and 
dried (Na2S04), and then the solvent was removed by evaporation under a reduced pressure. The thus obtained resi- 
due was purified by a silica gel column chromatography (650 oc; elution by ethyl acetate-hexane = 1:4) and further 
recrystallized from ethyl acetate-hexane to obtain 5.04 g of the title compound (51% in yield). 

20 ^H-NMR (CDCI3): 5 1 .49 (9 H. s), 2 77 (1 H. dd). 2.85 (1 H, dd). 3.08 (3 H, m), 3.39 (1 H. m). 3.70 (1 H, br d), 4.04 
(2 H. br s). 6.76 (1 H, dt). 6.84 (1 H. d), 711(1 H. m), 7.18 (1 H, dd). EI-MS m/z 306 (M)+ 

Synthesis Example 5b 1 .2.3.4.4a.5-HexahydrQpyrazinQ[2.1 -c]>1 .4-benzthi azine hydrochloride 

25 [0141] A 1 ml portion of 5 N hydrochloric acid was added to acetic acid solution (10 ml) containing 0.52 g (1.70 
mmol) of 3-t-butoxycarbony-l ,2,3.4,4a»5-hexahydropyrazino[2,1 -cj-l .4-benzthiazine, and the mixture was stirred over- 
night at room temperature and then at 60*'C for 2 hours. The solvent was removed by evaporation under a reduced pres- 
sure and the resulting residue was recrystallized from ethanol to obtain 0.36 g (88% In yield) of the fhle compound. 

30 ^H-NMR (DMSO-de) : 5 2.98 (4 H. m), 3.30 (3 H, m), 3.80 (1 H, m). 4.01 (1 H. br dd), 6.72 (1 H, t). 6.99 (1 H, d). 
7.09 (2 H. m). 7.28 (1 H, dd). Mass spectrum TSP m/z 207 (M + H)* 

Synthesis Example 6b (the inventive compound) 2a-[4-n.2.3.4.4a.5-Hexahvdropyrazlno[2.1-c]-1.4-benzthiazin>3-yh- 
biity|]-2a.3.4.5>tetghydro-1H -benz [cd ]ind0l'g-Qne 

35 

[0142] By the method described in Synthesis Example lb, 256 mg (72% in yield) of the title compound was 
obtained from 200 mg (0.82 mmol) of 1,2,3,4.4a.5-hexahydropyrazlno[2,Vc]-l,4-benzthiazine hydrochloride and 254 
mg (0.82 mmol) of 2a-(4.bromobutyl)-2a,3.4,5-tetrahydro-1 H-benz[cdlindol-2-one. 

40 ^H-NMR (CDCI3): 5 1.08 (1 H. m), 1.37 (4 H. m), 1.83 (3 H, m), 2.12 (4 H. m). 2.27 (2 H, m), 2.71 - 2.85 (6 H. m). 
3.05 (1 H. m), 3.38 (1 H, m), 3.63 (1 H, m), 6.71 (2 H, m), 6.80 (2 H, m), 7.09 (3 H, m), 8.77 (1 H, m). Mass spectrum 
TSPnn^434(M + H)+ 

Synthesis Example 7b (the inventive compound) 3-t-ButQxycarfaonvM.2.3.4.4a.S'hexahydro-6.6-dioxo-6-A.^ 
<5 Dvra2ino[2.1 -c]>1 .4-ben zthiazin6 and S-t-butoxycartaonyM .2.3.4.4a.5-hexahvdro-6-oxo>6>X^pvrazlnor2.1-c]>1 .4>ben2- 
thiazine 

[0143] Dichloromethane solution (70 ml) containing 3.06 g (10.00 mmol) of 3 -t-butoxycarbony 1-1 ,2,3,4,4a, 5-hex- 
ahydropyrazino[2,1-c)-l,4-benzthiazine was stirred at room temperature for 2 hours by adding 1.81 g (10.50 mmol) of 

so meta-chloropert^enzoic add, for 3 hours by adding 0.64 g (3.72 mmol) of the same and then for 1 hour by adding 0.33 
g (1 .91 mmol) of the same, to find that the material disappeared. Tlie reaction solution was poured into ice water and 
extracted with chloroform. The extract was washed with sodium thiosulfate aqueous solution and sodium bicarbonate 
aqueous solution in that order and dried (Na2S04) and then the solvent was removed by evaporation under a reduced 
pressure. The thus obtained residue was purified by a silica gel column chromatography (600 cc) to obtain 0.23 g (7% 

55 in yield) of 3-t-butoxycart)onyl'1 ,2,3,4.4a,5-hexahydro-6,6-dioxo-6'X^-pyrazino[2,1 -c]-1 ,4-benzthiazlne (elution by ethyl 
acetate-hexane = 2:1). and 0.72 g (Rf = 0.39. ethyl acetaterhexane = 2:1 . yield 22%) and 1 .92 g (Rf = 0.32, ethyl ace- 
tate:hexane = 2:1 . yield 59%), respectively, of diastereomers of 3-t-butoxycarbonyl-1 ,2,3.4,4a,5-hexahydro-6-oxo-6-X'*- 
pyrazinoI2.1-c]-1.4-benzthiazine (elution by ethyl acetate-hexane = 3:1). 3-t-Butoxycarbonyl-1,2,3.4.4a,5-hexahydro- 
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6,6-dioxo-6-X^-pyrazino(2,1 -c)-1 ,4-ben2thiazine 

^H-NMR (CDCI3): 5 1.49 (9 H. s), 2.96 - 3.29 (5 H. m), 3.90 (2 H. m). 3.06 (3 H, m), 4.15 (2 H. br s). 6.94 (1 H, t), 
6.98 (1 H, d). 7.44 (1 H, m), 7.81 (1 H, dd). IR (cm ''): 1 130. 1300 (SO2) Mass spectrum TSP m/z 339 (M + H)* 

5 

34-Butoxycafbonyl-1.2.3,4,4a.5-hexahydro-6-oxo-6-X''-pyra2ino[2,1-c]-1.4-ben2thi^^ (Rf = 0.39, ethyl acetate : hex- 
ane = 2:1) 

^H-NMR (CDCI3): 5 1 .49 (9 H. S), 3.04 (4 H, m). 3.37 (1 H. dd), 3.48 (1 m). 3.89 (1 H, br d), 4.10 (1 H, brs), 6.90 
w (1 H. d), 6.96 (1 H, t), 7.36 (1 H. m). 7.63 (1 H, dd). IR (cm '') : 1050 (S = O) Mass spectrum TSP m/i 323 (M + H)^ 

3-t-Butoxycarbonyl-l,2,3,4i4a,5-hexahydro-6-oxo-e-A.^-pyra2ino[2,1-c]-1,4-ben2thiazine (Rf = 0.32. ethyl acetate : hex- 
ane = 2 : 1) 

IS ^H-NMR (CDCI3): 5 1.49 (9 H, s).2.64 (1 H, t). 2.97 (1 H, brs), 3.04 (2 H. m), 3.12 (1 H, brs). 3.82 (2 H. m). 3.90 
(1 H, brs). 4,15 (2 H. br s), 6.89 (1 H, t), 7.04 (1 H. br d), 7.43 (1 H. br t), 7.56 (1 H, dd). IR (cm*^) : 1 050 (SO) Mass 
spectrum TSP m/z 323 (M + H)* 

Synthesis Example 8b (the inventive intermediated 1.2.3.4.4a.S>Hexahydro-6>oxo-6-X^DvrazinQ[2.1-cl-1.4-ben2thh 
20 azlne trifluoroacetate 

[0144] Oichloromethane solution (1 5 ml) containing 645 mg (2.00 mmol) of one of the diastereomers of 3-t-butoxy- 
cafborvyl-1,2,3.4,4a,5-hexahydro-6-oxo-6-X'*-pyra2ino[2.l-c]-1,4-benzthiazine obtained in Synthesis Example 7b, hav- 
ing a value of Rf = 0.39, was mixed with 1 .5 ml of anisole and 1 .5 ml ot trlfluoroacetic acid and allowed stand overnight 
25 at room temperature. By removing the solvent by evaporation under a reduced pressure and recrystallizing the resulting 
residue.from ethyl acetate. 644 mg (96% in yield) of the titte compound was obtained. 

^H-NMR (DMSO-dg): 5 3.04 (1 H, dt), 3.17 (1 H. dd), 3.25 (1 H, br t). 3.51 (1 H. dd), 3.90 (1 H, m). 4.25 (1 H. d), 
6.94 (1 H. t), 7.16 (1 H, d), 7.43 (1 H, ddd), 7.51 (1 H, dd). Mass spectrum TSP m/z 223 (M + H)"^ 

30 

Synthesis Example 9b fthe inventive compound^ 2a'[4-n.2.3.4.4a.S-Hexahydro-6-oxo-6-X^-Dyrazino[2.1-c1-1.4-benZ' 
thiazin-3«yh-butyl)-2a.3.4.5-tetrahvdrD-1H-benz[cdlindol-2-one 

[0145] By the method described in Synthesis Example lb, 381 mg (85% in yield) of the title compound was 
35 obtained from 336 mg (1 .00 mmol) of 1 ,2,3.4,4a,5-hexahydro-6-oxo-6*X''-pyra2ino[2,1 -c]-l ,4-benzthiazine trifluoroace- 
tate obtained in Synthesis Example 8b and 339 mg (1.10 mmol) of 2a-(4-bromobutyl)-3,4,5-tetrahydro-lH- 
benz[cd]indol-2-on6. 

^H-NMR (CDCI3): 6 1.08 (1 H, m), 1.37 (4 H, m), 1.83 (3 H. m), 2.12 (4 H, m), 2.28 (2 H, m). 2.64 (1 H, ddd). 2.80 
40 (3 H. m), 2.98 (2 H. m), 3.31 (1 H, dd), 3.46 (1 H, m), 3.80 (1 H, m), 6.69 (1 H. d), 6.80 (1 H, d). 6.85 (1 H. dd), 6.92 
(1 H, t), 7.11 (1 H, t), 7.31 (1 H, t), 7.61 (1 H, dd), 8.32 (1 H, d). Mass spectrum TSP m/z 450 (M + H)* 

Synthesis Example 10b (the inventive compound^ 2a-[4-f1.2.3.4.4a.5-Hexahydro-6-oxo-6-X^-pyrazino[2.1-c]-1.4-ben:^ 
thiazin-3-yn-butvr|-2a.3.4.5-tetrahydro-1H-benz[cd)indol-2-one 

45 

[0146] By the methods described in Synthesis Examples 8b and 9b, the title compound was obtained from another 
one of the diastereomers of 3-t-butoxycart)onyl-1,2,3,4,4a,5-hexahydro-6-oxo-6-X.^-pyrazino[2,1-c]-1,4-benzthiazine 
obtained in Synthesis Example 7b, having a value of Rf = 0.32. 

50 ^H-NMR(CDCl3): 5 1.10(1 H. m). 1.38 (4 H.m), 1.84 (3 H, m). 2.01 -2.31 (6H,m).2.61 (2 H. m). 2.82 - 3.01 (5 
H. m). 3.80 (2 H. m), 6.69 (1 H. dd). 6,78 (1 H, d). 6.84 (1 H. t). 6.99 (1 H. dd). 7.09 (1 H, dt). 7.38 (1 H. m). 7.55 (1 
H, dd). 8.75 (1 H. d). Mass spectrum TSP m/z 450 (M + H)* 

Synthesis Example lib (the inventive intenTtediaten.2.3.4.4a.5-HexahydrO'6.6-dioxO'6-X.— Dvrazinof2.1-c]>1.4-ben2- 
55 thlazine trifluoroacetate 

[0147] By the method described In Synthesis Example 8b. 333 mg (99% in yield) of the title compound was 
obtained from 323 mg (0.95 mmol) of 3-t-butoxycarbonyl-1.2,3,4,4a,5-hexahydro-6,6-dioxo-6-X®-pyrazinop,1-c]-1.4- 
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benzthiazine. 



^H-NMR (DMSO-dg): 6 3.13 (3 H, m) . 3.47 (1 H. s), 3.50 (1 H, s), 3.56 (1 H. dd), 3.81 (1 H, dd). 4.01 (1 H. m), 4.29 
(1 H, br d). 6.98 (1 H. t), 7.26 (1 H, d). 7.62 (1 H, ddd), 7.67 (1 H, dd). Mass spectrum TSP m/z 239 (M ^ 

5 

Synthesis Example 12b (the inventive compound) 2a-[4-(1 .2.3.4. 4a.5-Hexahydro-6.6'dioxo-6>X^pvra2inof2.1»c]-1.4- 
benzthiazin-3'ylVbutvl)-2a.3.4.5-tetrahvdro-1H-benz[cd]indol-2-one 

[0146] By the method described in Synthesis Example lb, 174 mg (68% in yield) of the title compound was 
10 obtained from 1 80 mg (0.51 mmol) of 1 .2,3,4.4a.5-hexahydro-6,6-dioxo-6-X^-pyrazino[2, 1 -c]'1 ,4-benzthiazine tritluoro- 
acetate and 173 mg (0.56 mmol) of 2a-(4-bromobutyl)-2a.3,4,5-tetrahydro-1H-benz[cd]indol-2-one. 

^H-Nf^R (CDCI3): 6 1.10 (1 H, m), 1.38 (4 H. m), 1.84 (3 H. m). 1.98-2.18 (4 H. m), 2.28 (2 H, m). 2.65 (1 H. ddd), 
2.89 (4H,m).3,18(2H.m).3.78(l H, m). 3.89 (1 H,m), 6.71 (1 H, dd), 6.80 (1 H, d). 6.89 (1 H, t), 6.93 (1 H. dd), 
15 7.1 1 (1 H. dt), 7.38 (1 H, m), 7.79 (1 H. dd), 8.39 (1 H. s). Mass spectrum TSP m/z 466 (M + H)* 

Synthesis Example I3b fthe inventive compound) 2a-f4-f2.3.4.4a-T6trahvdrQ-1H-pvrazino[1.2'a]auinoxaiin-5(6HVone- 
3-vl)-butvn-2a.3.4.5-tetrahydro-1 H-benzfcd1indol-2-one hydrochloride 

20 [0149] By the method described in Synthesis Example 1 b, 74 mg (27% in yield) of the title compound was obtained 
from 140 mg (0.58 mmol) of 2,3,4.4a-tetrahydro-1H-pyrazino[1,2-a]quinoxalin-5(6H)-one hydrochloride and 180 mg 
(0.58 nrimol) of 2a-(4-bromobutyl)-2a,3,4,5-tetrahydro-1H-benz[cd]indol-2-one. 

^H-NMR(DMS0-d6): 5 1.16(1 H. m). 1.71 (5 H.m).1.93(1 H.m).2.08 (4 H, m). 2.28 (1 H.m). 2.59(1 H. m),2.82 
25 (1 H. m). 3.07 (5 H, m). 3.60 (2 H, m). 3,79 (1 H, br d). 3.89 (1 H, br d). 3.95 (1 H. br d), 6.63 (1 H. d). 6.74 (1 H. d). 
6.89 (3 H. m), 6.98 (1 H. m), 7.07 (1 H. t). Mass spectrum TSP m/z 431 (M + H)* 



Synthesis Example 14b (the inventive compound) 2a>f4-(6-Methyl-2,3.4,4a-tetrahydrQ-1H-pyrazinQf1 g-alouinoxalin- 
5f6H)-one-3-yl)-butyl]-2a.3.4.5'tetrahvdro>1H-benz[cd]indol'2-one 

30 

[0150] By the method described in Synthesis Example 1 b, 53 mg (58% in yield) of the title compound was obtained 
from 52 mg (0.20 mmol) of 6-methyl*2,3,4,4a-tetrahydro-1H-pyrazino[l,2-a]qulnoxalin^5(6H)>one hydrochloride and 63 
mg (0.20 mmol) of 2a-(4-bromobutyl)-2a,3,4.5-tetrahydrD-1H-benz[cdlindol-2-one. 

35 ^H-NMR (CDCI3): 5 1.12 (1 H, m), 1.34 (2 H. m), 1.51 (2 H. m), 1.83 (3 H, m), 2.11 (4 H, m), 2.35 (2 H. m), 2.63 (1 
H, ddd), 2.82 (2 H, m), 2.92 (1 H, d), 3.35 (3 H, s). 3.44 (3 H, m), 6.70 (1 H, d), 6.78 (2 H, m), 6.94 (2 H, m), 7,03 
(1 H, m). 7.10 (1 H. dt), 8.47 (1 H. s). Mass spectrum TSP m/i 445 (M + H)* 

Synthesis Example 15b 3>Ben2vloxycarbonyl-2.3.4.4a.5.6-hexahvdro-6-trifluoroacetyl-1H-pvrazinori .2-a]quinoxaline 

40 

[0151] A 2 ml portion of THE solution containing 100 mg (0.30 mmol) of 3-benzyloxycarbonyl-2,3,4,4a-tetrBhydro- 
1H-pyrazino[1,2-a]quinoxalin-5(6H)-one was cooled to 0^, mixed with 59 \i\ (0.59 mmol) of borane-dimethyl sulfide 
complex and stimed overnight at room temperature. The reaction solution was mixed with ice water, stirred for 30 min- 
utes and extracted with ethyl acetate. After drying (Na2S04). the solvent was removed by evaporation under a reduced 

45 pressure, and the thus obtained residue was recrystallized from ethyl acetate- hexane to obtain crude crystals. A 97 mg 
portion of the crude crystals were dissolved in 2 ml of dichloromethane, and the solution was mixed with 125 \ii (0.90 
mmol) of triethylamine and 64 ^1 (0.45 mmol) of anhydrous trifluoroacetic acid and stirred overnight at room tempera- 
ture. The reaction solution was poured Into ice water, acidified by adding 1 N hydrochloric acid and then extracted with 
ethyl acetate. After drying (Na2S04). the solvent was removed by evaporation under a reduced pressure, and the thus 

50 obtained residue was purified by a silica gel chromatography (30 cc; elution by ethyl acetate-hexane = 1 :5) to obtain 94 
mg (74% in yield) of the title compound 

^H-NMR (CDCI3): 5 2.80 (1 H. br s), 2.97 (1 H, br d). 3.09 (1 H. br s). 3.33 (1 H, br s), 3.56 (1 H. m), 3.81 (1 H, br 
s), 4.08 (1 H, m). 4.20 (2 H, br s), 5.17 (2 H, s), 6.80 (1 H. t), 6.86 (1 H. br m), 7.15 (1 H, brs). 7.36 (5 H, m), 7.65 
55 (1 H. br s). EI-MS m/z 41 9 (M)+ 
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Synthesis Example 16b 2.3.4.4a.5.6-Hexahydro»6-trifluorQacetvM H-pyra2ino[1 .2'a]quinoxaline hydrochloride 

[0152] A 80 \i\ portion of hydrochloric acid-methanol and 0.1 g of 1 0% Pd-C were added to 3 ml of ethanol solution 
containing 93 mg (0.22 mmol) of 3-ben2yloxycarbonyl-2.3.4,4a,5,6-hexahydro-6-trifluoroacetyl-lH-pyra2ino[1,2-a]qui- 
noxaline, and 3 hours of catalytic hydrogenation was carried out at room temperature. The catalyst was filtered, the sol- 
vent was removed by evaporation under a reduced pressure and then the resulting residue was recrystallized from 
methanol-isopropyl ether to obtain 43 mg (61 % in yield) of the title compound. 

^H-NMR (DMSO-de): 62.83 (1 H, br t). 3.03 (1 H. brt), 3.21 (1 H, br t), 3.36 (1 H, d). 3.45 (1 H, d). 3.71 (2 H. br d), 
4.13 (2 H, br d). 6.79 (1 H, t), 7.08 (1 H, d), 7.17 (1 H, br s). 7.54 (1 H, br s). EI-MS mfz 285 (M)* 

Synthesis Example 17b (the inventive compounds) 2a-[4-(2.3.4.4a.5.6'Hexahydro-6-trifluoroacetyl-1l-i-pvrazino[l.2> 
a]qu]noxalin-3-yh-butvll-2a.3.4.5-tetrahydro-1H'benz[cd]indol-2-one and 2a-f4-(2.3.4.4a.S.6-hexahydrD-1H- 
pyrazino[1.2-a1quinoxatin-3-vlVbutvn-2a3.4.5'tetrahvdrO'lH>benz[cd]tndol>2'One 

[0153] By the method described in Synthesis Example lb. 24 mg (36% in yield) and 26 mg (47% in yield) of the 
respective title compounds were obtained from 42 mg (0.13 mmol) of 2,3,4,4a,5,6-hexahydro-6-trifluoroacetyl-lH- 
pyrazino[1,2-a]quinoxaline hydrochloride and 44 mg (0.14 mmol) of 2a-(4-bromobutyl)-2a,3.4.5-tetrahydro-1H- 
benz[cd]indol-2-one. 

2a-[4-(2,3,4.4a,5.6-Hexahydro-6-trifluoroacetyl-1H-pyra2ino[1,2-a]quinoxalin-3-yl)-butyO-2a,3A54^^ 
benz[cd]indol-2*one 

^H-NMR (CDCI3): 5 1.09 (1 H. m). 1.33 (4 H. m), 1.83 (4 H. m). 2.10 (4 H. m), 2.28 (2 H. m), 2.64 (1 H. ddd), 2.82 
(2 H, m), 2.96 (1 H.brm),3.31 (1 H. brm). 3.52(1 H, br m). 3.73 (1 H.brm). 3.96(1 H, brm). 6.75 (5 H. m). 7.11 
(2 H. t), 8.13 (1 H. d). Mass spectrum TSP m/z 513 (M + H)+ 

2a-[4-(2,3,4,4a,5,6-Hexahydro-1 H-pyra2ino[l ,2-a]quihoxalin-3-yl)-butyl]-2a,3 A5-tetrahydro-1 ^ 

^H-NMR (CDCI3) : 6 1 .09 (1 H. m), 1 .38 (4 H. m). 1 .80 (4 H, m), 2.13 (4 H, m). 2.26 (2 H, m), 2.65 (1 H, m), 2.78 (2 
H. m), 2.92 (1 H, d), 3.08 (1 H, m), 3.24 (2 H, m). 3.62 (1 H, d), 6.47 (1 H. m). 6.67 (4 H. m), 6.79 (1 H, d), 7.10 (1 
H, t). 8.15 (1 H. s). Mass spectrum TSP m/z 41 7 (M + H)^ 

3. Synthesis examples of the compound (1) of the Invention having group (c) and its production intennediate 

Synthesis Examole Ic N-t-ButoxvcarbQnvl>3-dimethvlam inomethvlene-4>piperidone 

[0154] N-t-Butoxycart)onyl-4-piperldone (3.0 g, 15 mmol) was dissolved in N,N-dimethylforniamide dimethylacetal 
(15 ml) and heated under reflux for 1 hour. The solvent was removed by evaporation from the reaction solution under a 
reduced pressure, and the thus obtained material was separated and purified by a silica gel column chromatography to 
obtain 1 .3 g (5.2 mmol, 34% in yield] of the title compound. 

^H-NMR (CDCI3}: 5 1 .48 (9 H. s). 2.43 - 2.50 (2 H, m). 3.1 1 (6 H. s), 3.59 - 3.62 (2 H. m), 4.55 (2 H, s). 7.49 (1 H, 
s); MW 254.33 (C13H22N2O3); Mass spectrum TSP m/z 255 (M + H)* 

Svnthesis Example 2c N4- Butoxycarbonyl-1.4.6.7-tetrahvdrQ>Dvra2olor4.3>clDvridine 

[0155] N-t-Butoxycarbonyl-3-dimethylaminomethylene-4-piperidone (690 mg, 2.7 mmol) was dissolved in methanol 
(12 ml), and the solution was mixed with hydrazine monohydrate (160 mg, 3.3 mmol) and heated under reflux for 1 hour. 
The solvent was removed by evaporation from the reaction solution under a reduced pressure, and the thus obtained 
material was separated and purified by a silica gel column chromatography to obtain 400 mg (1 .8 mmol. 66% in yield) 
of the title compound. 

^H-NMR (CDCI3): 5 1 .48 (9 H. s), 2.76 - 2,81 (2 H. m), 3.68 - 3.76 (2 H. m). 4.49 (2 H. s). 7.36 (1 H, s); MW 223.28 
(CiiH^yNaOg); Mass spectrum TSP m/z 224 (M + H)* 

Svnthesis Examole 3c N-Benzvl-3-furvlmethvlamine 

[0156] Benzylamine (16 g, 150 mmol) was dissolved in dichloroethane (320 ml), and the solution was mixed with 



42 

<EP 1057814AJ_L> 



EP 1 057 814 A1 



acetic add (77 ml, 1 .3 mol), sodium triacetoxyborohydride (57 g, 590 mmol) and 3-furaldehyde (13 g. 130 mmol) and 
stirred at room temperature for 16 hours. 5 N Sodium hydroxide aqueous sotution was added to the reaction solution 
until it became basic, and the reaction product was extracted with ethyl acetate. The organic layer was washed with sat- 
urated brine and then dried with anhydrous magnesium sulfate. TTie solvent was removed by evaporation from the 
5 organic layer under a reduced pressure, and the thus obtained material was separated and purified by a siQca gel col- 
umn chronnatography to obtain 1 9 g (1 00 mnnol. 77% In yield) of the title compound. 

^H-NMR (CDCI3): 5 1 .61 (1 H, br s), 3.66 (2 H, s), 3.80 (2 H, S). 6.40 (1 H, s), 7.23 - 7.39 (7 H. m); MW 187.24 
(C12H13NO); Mass spectrum FAB m/z 188 (M + H)* 

10 

Synthesis Example 4c 2-rBen2vl-f3-furvlmethyl)amlnotethanol 

[0157] N-Benzyl-a-furyimethylamine (12 g, 64 mmol), triethylamine (18 ml, 130 mmol) and 2-bromoethanol (8.0 g, 
64 mmol) were stirred at 60^*0 to 70^0 for 16 hours in anhydrous N.N-dimethylformamtde (120 ml). The reaction solu- 
75 tion was mixed with ethyl acetate, virashed with water and saturated brine and then dried with anhydrous magnesium 
sulfate. The solvent was removed by evaporation from the organic layer under a reduced pressure, and the thus 
obtained material was separated and purified by a silica gel column chromatography to obtain 7;1 g (31 mmol. 48% in 
yield) of the title compound. 

20 ^H-NMR (CDCI3): 5 1.64 (1 H, br s), 2.67 (2 H, t. J = 5.4 Hz), 3.52 (2 H, s), 3.58 - 3.62 (4 H. m), 6.36 (1 H. d, J = 
0-97 Hz). 7.24 - 7.41 (7 H. m) ; MW 231.30 (Ci4H^7N02): Mass spectrum ESI mil 232 (M + H)+ 

Synthesis Example 5c 5-Ben2vl>4.S.6.74etrahvdro-furQr3.2-clpvridir^e. 

25 [0158] 2-(Ben2yl-(3-furylmethyl)amino)ethanol (6.5 g, 28 mmol), triethylamine (5.9 ml. 42 mmol), 4-dimethylami- 
nopyridine (250 mg, 2.1 mmol) and tosyl chloride (6.4 g, 34 mmol) were stirred at room temperature for 17 hours in 
dichioromethane (260 ml). The reaction solution was mixed wfth dichloromethane. washed with water and saturated 
brine and then dried with anhydrous magnesium sulfate. The solvent was removed by evaporation from the organic 
layer under a reduced pressure, and the thus obtained material was separated and purified by a silica gel column chro- 

30 matography to obtain 5.4 g of crude 1 -chloro-2-(benzyl-(3-f urylmethyl)amino)ethane. The crude 1 -chtoro-2-(benzyl-(3- 
furylmethyl)amino)ethane (1 .8 g) was dissolved in anhydrous tetrahydrof uran (35 ml) and cooled to 0**C. In an atmos- 
phere of argon, n-butyl lithium hexane sotution (1 4 mmol) was added thereto to carry out 2 hours of the reaction at room 
temperature. The reaction solution was mixed with 1 N sodium hydroxide aqueous solution, the reaction product was 
extracted with dichloromethane, and then the organic layer was washed with saturated brine and dried with anhydrous 

35 magnesium sulfate. The solvent was removed by evaporation from the organic layer under a reduced pressure, and the 
thus obtained material was separated and purified by a silica gel column chromatography to obtain 1.1 g (5.1 mmol, 
73% in yield) of the title compound. 

^H-NMR (CDCI3): 5 2.68 - 2.73 (2 H, m). 2.79 - 2.84 (2 H. m). 3.41 (2 H, t, J = 1 .8 Hz), 3.71 (2 H. s), 6.16 (1 H, d, 
^ J = 1 .7 Hz). 7.25 ■ 7.39 (6 H, m); MW 213.28 (C14H15NO); Mass spectrum EI-MS m/z 213 (M)* 

Synthesis Example 6c 1-Methyl-1H>benz[cd)indol-2-one 

[0159] 1 H-Ben2[cd]indol-2-one (5.1 g, 30 mmol) was dissolved In anhydrous N,N-dimethylformamide (100 ml), and 
45 the solution was mixed with sodium hydride (60%, 1 .2 g, 30 mmol) and stirred in an ice bath for 20 minutes. The reaction 
sotution was mixed with methyl iodide (2.6 ml, 42 mmol) and again stinted at room temperature for 1 hour. Ethyl acetate 
and water were added to the reaction solution. The reaction product was extracted with ethyl acetate, washed with sat- 
urated brine and dried with anhydrous sodium sulfate, the solvent was removed by evaporation under a reduced pres- 
sure, and then the thus obtained material was separated and purified by a silica gel column chromatography to obtain 
so 4.7 g (26 mmol, 74% in yield) of the title compound. 

MW 1 83.21 (CisHgfslO); Mass spectrum EI-MS m/z 1 83 (M)* 

Synthesis Example 7c 1-Methvl-2a.3.4.5-tetrahvdro-1H-benzrcdlindol-2-one 

55 

[0160] Ethanol and Raney nickel slurry (Aldrich) were added to 1 -methyl-1H-benz[cd]tndol-2-one (4.5 g, 25 mmol), 
and catalytic reduction was carried out under ordinary pressure. The reaction was completed when 1 .1 5 L of hydrogen 
absorption was observed, and then Raney nickel was ren:ioved by filtration, the filtrate was concentrated and the result- 
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ing material was separated and purified by a silica gel column chromatography to obtain 3.8 g (20 mmol, 80% in yield) 
of the title compound. 

^H-NMR(CDCl3): 5 1.31 (1 H. m), 1.91 (1 H, m). 2.14 (1 m). 2.42 (1 H, m), 2.64 (1 H, m). 2.92 (1 H, dd), 3.17 (3 
5 H, s). 3.28 (1 H. dd). 6.61 (1 H, d). 6.82 (1 H, d). 7.17 (1 H. dd); MW 187.24 (C12H13NO): Mass spectrum EI-MS 
m/z187 (M)* 

Synthesis Example 8c 2a-(4-BromobutyO-1-methvl-2a.3.4.5-tetrahvdro-1H-benzfcd]indol-2-ohe 

10 [0161] VMethyl-2a,3,4,5-tetrahydro-lH-ben2[cdlindo!-2-one (3.7 g, 20 mmol) was dissolved in anhydrous N.N- 
dimethylformamlde (50 ml), and the solution was mixed with sodium hydride (60%, 800 mg, 20 mnnol) and stirred at 
room temperature for 30 minutes. The reaction solution was cooled to -1 0°C and mixed with 1 ,4-dibromobutane (7.0 ml) 
to cairy out 1 hour of the reaction while increasing temperature of the reaction solution to room temperature. The reac- 
tion solution was mixed with diisopropyl ether and water to extract the reaction product, the resulting organic layer was 

15 washed three times with water and dried with anhydrous sodium sulfate, the solvent was removed by evaporation under 
a reduced pressure, and then the thus obtained material was separated and purified by a silica gel column chromatog- 
raphy to obtain 4.8 g (1 6 mmol, 75% in yield) of the title compound. 

^H-NMR (CDCI3): 5 1.15 (1 H, m), 1.30 (2 H, m), 1,66 - 1,92 (5 H, m), 2.00 - Z20 (2 H, m), 2.66 (1 H, m), 2,86 (1 
20 H.m).3.17(3H.s),3.29(2H.t),6.64(1 H.d),683(1 H,d).7.17(1 H, dd); MW 322.25 (CigHaoBrtSJO): Mass spec- 
tmm EI-MS m/z 321:323 (intensity ratio = 1:1) (M)* 

Synthesis Example 9c 1-Ethvl-lH-benz[cd1rndol-2-one 

25 [0162] This was synthesized by the same method of Synthesis Example 6c. except that ethyl iodide was used 
instead of methyl iodide (yield. 83%). 

MW 197.24 (C13H11NO); Mass spectrum EI-MS nVz 197 (M)^ 

30 Synthesis Example 10c 1 -Ethyi-2a.3.4.S-tetrahydrO'1 H-benzfcdlindol-2-one 

[0163] This was synthesized by the sane method of Synthesis Example 7c. except that 1 -ethyl-1 H-benz[cd]indoi-2- 
one was used instead of 1 -methyl-1H-benz[cd]indol-2-one (yield, 81%). 

35 ^H-NMR (CDCI3): 5 1.28 (3 H. t), 1.82 - 1.96 (1 H, m), 2.09-2.17 (1 H. m), 2.40 - 2.46 (1 H, m), 2.58 - 2.69 (1 H. 
m), 2.87-2.97 (1 H. m), 3,25 - 3.30 (1 H, m). 3.54 - 3.66 (1 H, m), 3.77 - 3.89 (1 H. m), 6.63 (1 H, d, J = 7.7 Hz), 
6.80 (1 H. d. J = 7.8 Hz), 7.16 (1 H, dd); MW 201.27 (C13H15NO); Mass spectoim EI-MS m/z 201 (M)* 

Synthesis Example 11c 2a-(4-Bromobutyn-1-ethvl-2a.3.4.5-tetrahvdro-1H-benz[cd]indol-2-one 

40 

[0164] This was synthesized by the same method of Synthesis Example 8c. except that 1 -ethyl-2a,3,4,5-tetrahydro- 
1H-benz[cd)indol-2-one was used instead of 1-methyl-2a,3,4,5-tetrahydro-1H-benz[cdlindol-2-one (yield, 61%). 

'H-NMR (CDCIa): 5 1.04 - 1.15 (1 H. m), 1.26 - 1.45 (6 H. m), 1.67 - 1.91 (5 H. m), 2.06 -2.19 (2 H. m). 2.61 -2.69 
45 (1 H, m), 2.82 - 2.90 (1 H, m), 3.28 (2 H, dt. J = 0.97 Hz. S.SHz). 3.50 - 3.68 (1 H, m), 3.86 - 3.95 (1 H, m), 6.64 (1 
H, d), 6.83 (1 H. d), 7.17 (1 H, dd); MW 336.27 {CiyHgzBrNO); Mass spectrum EI-MS m/z 336:337 (intensity ratio 
= 1:1)(M)+ 

Synthesis Example 12c 2a-(4-BromQbutyh-2a.3,4.5-tetrahvdro-1H>benz [cd] indol-2-one 

50 

[0165] 2a.3.4,5-Tetrahydro-1 H-benz[cd)indol-2-one (3.0 g. 17 mmol) was dissolved in anhydrous N.N-dimethylfor- 
mamide (120 ml), and the solution was mixed with sodium hydride (60%. 760 mg. 190 mmol) and stirred at room tem- 
perature for 1 hour. The reaction solution was mixed with 1 ,4-dibromobutane (6.3 ml, 52 mmol) and again stirred for 1 7 
hours. The solvent was removed by evaporation under a reduced pressure, and ethyl acetate, water and hydrochloric 
55 acid (1 N) were added to the resulting residue. The reaction product was extracted with ethyl acetate, v^rashed with sat- 
urated brine and dried with anhydrous sodium sulfate, the solvent was removed by evaporation under a reduced pres- 
sure, and then the thus obtained material was separated and purified by a silica gel column chromatography to obtain 
1 .8 g (5.8 mmol, 33% in yield) of the title compound. 
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'H-NMR (CDCI3): 5 1.17 - 1.28 (1 H, m). 1.32 - 1.51 (2 H. m). 1.72 • 1.90 (5 H, m). 2.06 - 2.19 {2 H, m), 2.60 -2.70 
(1 H. m), 2.80 - 2.89 (1 H, m). 3.30 (2 H, t. J = 7.0 Hz). 6.67 (1 H, d. J = 7.4 Hz), 6.81 (1 H. d. J = 7.8 Hz). 7.12 (1 
H. dd). 7.34 (1 H. br s); MW 308.22 (CtsHisBrlMO); Mass spectrum El-MS mfz 307:309 (intensity ratio = 1:1) (M^ 

5 Synthesis Example 13c fthe inventive compound^ 2a-r4-n.3.4.5'Tetrahydro-1H-benzQfc1azeDin-2-vnbutvl^>2a.3.4.S-tet- 
rahydroO H-benzfcd)indQl-2-one 

[0166] 2,3,4,5-Tetrahydro-lH-benzo[c]azepin-l-one (160 nng, 1,0 mmoi) was dissolved in anhydrous letrahydro- 
furan (5 ml), and the solution was mixed with lithium aluminum hydride (150 mg, 4.0 mmol) and stirred at eO'^C for 16 

10 hours. The reaction solution was mixed with sodium sulfate decahydrate, stirred at room temperature for a while and 
then filtered through celite, and the insoluble matter was washed with methanol. The wash liquid and filtrate were com- 
bined, the solvent was removed by evaporation under a reduced pressure, the thus obtained residue was dissolved in 
anhydrous N.N-dimethyffcrm amide (2 ml), and then the solution was mixed with 2a-(4-bromobutyl)-2a,3,4,5-tetrahydro- 
1 H-benz[cd]indol-2-one (31 0 mg, 1 .0 mmol) and potassium carbonate (210 mg, 1 .5 mmol) and stin-ed at room temper* 

15 ature for 24 hours. The reaction solution was mixed with ethyl acetate, washed with water and saturated brine and dried 
with anhydrous sodium sulfate, the solvent was removed by evaporation under a reduced pressure, and then the thus 
obtained material was separated and purified by a silica gel column chromatography to obtain 220 mg (0.59 mmol, 59% 
in yield) of the title compound. 

20 ^H-NMR (CDCI3): 5 0.94 -1 .05 (1 H. m), 1 .1 8- 1 .48 (4 H, m). 1 .62 - 1 .87 (5H, m). 2.02 - 2.1 7 (2H, m). 2.20 - 2.30 
(2H. m), 2 58 - 2.67 (1 H. m), 2.76 - 2.89 (3 H. m), 3.02 - 3.09 (2 H. m), 3.83 (2 H. s). 6.64 (1 H. d, J = 7.6 Hz), 6.69 
(1 H. d, J = 7.8 Hz). 7.04 - 7.1 5 (5 H. m). 7.30 (1H.br s); MW 374.53 (CagHaoNaO); Mass spectrum EUMS m/z 374 

25 [0167] By dissolving the thus obtained free compound in hydrochloric acid-saturated methanol, its hydrochloride 
was obtained. 

MW 41 0.99 (CasHatCINaO): Mass spectrum EI-MS m/z 374 (M - HCI)+ 

30 Synthesis Example I4c (the inventive compound) 2a-(4-f1.2.3.4-TetrahvdroisoQuinolin-2-vhbutvlM- methyl-2a.3.4.5- 
tetrahvdro-l H-benzfcdljndQl-2-one 

[0168] 2a-(4-Bromobutyl)-l-methyl-2a,3.4,5-tetrahydro-1H-ben2[cd]indol-2-one (120 mg, 0.37 mmot), 1,2,3,4-tet- 
rahydroisoquinoline (55 mg, 0.41 mmol) and potassium carbonate (77 mg, 0.56 mmol) were stinred at room temperature 
35 for 18 hours in anhydrous N.N-dimethylformamide (1 ml). The reaction solution was mixed with ethyl acetate, washed 
with water and saturated brine and dried with anhydrous magnesium sulfate, the solvent was reroved by evaporation 
under a reduced pressure, and then the thus obtained material was separated and purified by a silica gel column chro- 
matography to obtain 1 30 mg (0.34 mmol, 90% In yield) of the title compound. 

40 ^H-NMR (CDCI3): 6 0.96 - 1.08 (1 H. m), 1.15-1.33 (2 H, m). 1.40-1.55 (2 H, m). 1.74 - 1.94 (3 H, m), 2.08-2.19 
(2 H. m). 2.32-2.44 (2 H, m). 2.59 - 2.69 (3 H, m). 2.81 - 2,91 (3 H. m). 3.1 7 (3 H, s). 3.54 (2 H. s). 6.62 (1 H, d. J 
= 7.8 Hz), 6.82 (1 H. d. J = 7.8 Hz), 6.97 - 7.00 (1 H. m), 7.05-7.11 (3 H. m), 7.17 (1 H, dd); MW 374.53 
(C25H30N2O); Mass spectrum TSP mlz 375 (M + H)+ 

45 [0169] By dissolving the thus obtained free compound in hydrochloric acid-saturated methanol, its hydrochloride 
was obtained. MW 410.99 (C25H31CIN2O); Mass spectrum TSP m/z 375 (M - Ci)^ 

Synthesis Exampl e 15c fthe inventive compound) 2a-(4-n.2.3 4^TetrahydroisQquinolin-2^yl)butvh^1-ethv^2a.3.4.5-tet- 
rahydro^1 H-benz[cdTmdol-2-one 

50 

[0170] This was synthesized by the same method of Synthesis Example 14c, except that 2a-(4-bromobutyl)-l- 
ethyl-2a,3.4.5-tetrahydro-1 H-benz[cd]indol-2-one was used instead of 2a-(4-bromobutyl)-1 -methyl-2a.3,4,5-tetrahydro- 
1 H-benz[cd]indol-2-one (yield, 1 00%). 

55 ^H-NMR (CDCI3): S 0.93 - 1.06 (1 H, m). 1 .17 - 134 (5 H. m), 1.40 - 1.55 (2 H, m), 1.75 - 1.95 (3H. m). 2.04 - 2.20 
(2 H, m), 2,31 - 2.43 (2 H. m). 2.59 - 2.69 (3 H, m). 2.80 - 2.91 (3 H, m). 3.48 - 3.69 (3 H, m), 3.83 - 3.93 (1 H. m), 
6.65 (1 H. d. J = 7.8 Hz). 6.81 (1 H. d, J = 7.8 Hz), 6.96 - 7.00 (1 H. m), 7.0S - 7.12 (3H. m), 7.16 (1 H. dd); MW 
386.56 (CzeHaaNsO); Mass spectrum EI-MS m/z 368 (M)"* 
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[0171] By dissolving the thus obtained free compound in hydrochloric acid-saturated methanol, its hydrochloride 
was obtained 

MW 425.02 (C26H33CIN2O); Mass spectrum TSP m/z 389 (M - CI)* 
Synthegis Exampte 16c4,5.6.7-Tetf9hydrO't^ienp[9,2-clpyndin.^ 

[0172] 4,5,6.7-Tetrahydro-thieno[3,2-c]pyridine-2-carboxylic acid hydrochloride (260 mg, 1 .2 mmol) was mixed with 
47% hydrogen bromide aqueous solution (3 ml) and heated under reflux for 4 hours. The reaction solution was returned 
70 to room temperature and alkalified by adding sodium hydroxide aqueous solution (5 N), and the reaction product was 
extracted with diethyl ether, washed with saturated brine and then dried with anhydrous magnesium sulfate. By evapo- 
rating the solvent from the organic layer under a reduced pressure, 160 mg (1.1 mmol, 95% in yield) of the title com- 
pound was obtained. 

IS ^H-NMR (CDCI3): 6 2.80 (2 H, t. J = 6.6 Hz). 3.15 (2 H, t), 3.93 (2 H. t, J = 1.7 Hz), 6.74 (1 H, d, J = 5.1 Hz). 7.07 

(1 H. d); MW 139.22 (C7H9NS); Mass spectrum EI-MS m/z 139 (M)* 

Synthesis Example 17c (the inventive compound^ 2a-f4-r4.5.6.7-Tetrahvdro-thienof3.2-clpvridin-5-yt^butvl)>2a.3.4.5> 
tetrahydro'1 H-benz[cd)indol-2-one 

20 

[0173] This was synthesized by the same method of Synthesis Example 14c, except that 4,5,6,7-tetrahydro- 
thieno[3.2-c]pyrtdine was used Instead of 1 ,2,3,4-tetrahydroisoquinoline and 2a-(4-bromobutyl)>2a,3.4,5-tetrahydro-1 H- 
benz[cd]indol-2-one was used instead of 2a-(4-bromobutyl)-1-methyl-2a,3,4,5-tetrahydro-1H-benz[cd]indol-2-one 
(yield, 84%). 

25 

^H-NMR (CDCI3): 5 1.03 - 1.16 (1 H, m). 1.29 - 1.41 (2 H. m), 1.41-1 .56 (2 H, m). 1 .77 - 1.93 (3 H, m). 2.06 - 2.20 
(2 H, m), 2.38 - 2.50 (2 H, m), 2.59 - 2.73 (3 H, m), 2.79 - 2.89 (3 H. m), 3.48 (2 H, s). 6.66 - 6.69 (2 H. m). 6.79 (1 
H. d. J = 7.8 Hz), 7.04 (1 H, d. J = 5.1 Hz). 7.1 1 (1 H, dd, J = 7.6 Hz). 8.00 (1 H. br s); MW 366.52 (CaaHgeNaOS); 
Mass spectrum EI-MS m/z 366 (M)* 

30 

[0174] By dissolving the thus obtained free compound in hydrochloric acid-saturated methanol, its hydrochloride 
was obtained. MW 402.98 (C22H27CIN20S); Mass spectrum TSP m/z 367 (M - Cl)"^ 

Synthesis £xsimp|e 18c (the inventiVP cpmpound) 2P-(4'(4.5.6.7-Tetrahydrp-thiepo[3,2-c]pyrldin-5-y|)buty|)-l-mQthyl- 
as 2a3.4.5-tetfahvdro-1H-benzfcd]indol-2-one 

[0175] This was synthesized by the same method of Synthesis Exampte 14c, except that 4.5,6,7-tetrahydro- 
thlen<^3,2-c]pyridine was used instead of 1 .2,3.4-tetrahydroisoqutnollne (yield, 34%). 

40 ^H-NMR (CDCI3): 6 0,95 - 1 .07 (1 H, m). 1 . 1 4 - 1 .33 (2 H, m), 1 .39 - 1 .53 (2 H, m), 1 .74 - 1 .94 (3 H, m), 2.07 - 2.1 9 
(2 H. m), 2.36 - 2.47 (2 H, m). 2.59 - 2.72 (3 H. m). 2.81 • 2,91 (3 H, m). 3.17 (3 H, s), 3.47 (2 H, s), 6.63 (1 H, d. J 
= 7.6 Hz). 6.69 (1 H, d. J = 5.1 Hz), 6.82 (1 H. d, J = 7.8 Hz), 7.05 (1 H. d). 7.17 (1 H, dd); MW 380.55 
(C23H28N2OS); Mass spectrum TSP m/z 381 (M + H)* 

45 [0176] By dissolving the thus obtained free compound in hydrochloric acid-saturated methanol, its hydrochloride 
was obtained. 

MW 41 7.01 (CaaHasCINaOS); Mass spectrum TSP m/z 381 (M - CI)* 

50 Synthesis Example 19c (the inventive compound) 2a-(4-f4.5.6.7-Tetr ahydro-thienof3 .2-c]pvridin-5-vl^butvlV1-ethyl- 
2a.3.4.5-tetfahvdrQ-1H-ben2[cd]indol-2-one 

[0177] This was synthesized by the same method of Synthesis Example 17c, except that 2a-(4-bromobutyl)-1- 
ethyl-2a,3,4,5-tetrahydro-1H-benz[cd]indol-2-one was used instead of 2a-(4-bromobutyl)-2a.3.4,5-tetrahydro-1H- 
55 benz[cd]indol-2-one (yield, 84%). 

^H-NMR (CDCI3): 50.93 - 1.05 (1 H. m). 1.16 - 1.34 (5 H. m), 1.38 - 1.54 (2 H. m), 1.74 - 1.93 (3H, m). 2.04 - 2.19 
(2H. m), 2.34 - 2.46 (2 H. m), 2.59 - 2.64 (3 H, m), 2.70 - 2.80 (3 H, m), 3.44 - 3.59 (3 H. m), 3.82 • 3.93 (1 H, m). 
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6.65 (1 H, d. J = 7.6 Hz). 6.69 (1 H. d, J = 5.1 Hz), 6.81 (1H, d, J = 7.B Hz). 7.05 (1 H. d). 7.06 {1 H. dd); MW 394.58 
(C24H30N2OS); Mass spectrum EI-MS m/z 394 (M)* 

[0178] By dissolving the thus obtained free compound in hydrochloric acid-saturated methanol, its hydrochloride 
5 was obtained. 

MW 431 .04 (C24H3,CIN20S): Mass spectrum TSP m/z 395 (M - CI)* 

Synthesis Example 2Qc 4.5.6.7-Tetrahvdro-3H-imidazQf4.S-clDVridine dihydrochloride monohvdrate 

10 

[0179] Histamine dlchioride (5.0 g, 27 mmol) was dissolved in concentrated hydrochloric acid (20 ml), dimeth- 
oxymethane (7.0 ml. 79 mmol) was added dropwise to the solution, and the mixture was stirred overnight at 100**C. By 
evaporating the solvent from the reaction solution and purifying the thus obtained crystals by their recrystallization from 
methanol, 4.6 g (22 mmol, 79% in yield) of the title compound was obtained. 

15 

MW 214.10 {C6H13N3OCI2): Mass spectmm EI-MS m/z 123 (M - (2HCI -i- HgO))* 

Synthesis Example 21c (the inventive oompound) 2a-(4-f 3.4.6. 7-Tetrahydro-imida2o[4.5-clpvridin-5-vnbutyl)r2a.3.4.5> 
tetrahydro«1 H-benzfcdlindol-2'One 

30 

[0180] This was synthesized by the same method of Synthesis Example 1 7c, except that 4,5,6,7-tetrahydro-3H-imi- 
dazo[4,5-c]pyridine dihydrochloride monohydrate was used instead of 4.5.6. 7-tetrahydro-thieno-[3,2-c]pyridine (yield, 
48%). 

25 ^H-NMR (COCI3): 5 1.01 - 1.13 (1 H, m), 1.28 - 1.40 (2 H, m). 1.40 - 1.55 (2 H. m). 1.76-1.91 (3 H. m), 2.04-2.18 
(2 H. m). 2.42 - 2.51 (2 H, m), 2.58 -2.68 (3 H. m), 2.68 - 2.76 (2 H. m), 2.79 - 2.88 (1 H, m), 3.45 (2 H. s), 6.64 (1 
H. d, J = 7.6 Hz). 6.79 (1 H. d. J = 7.6 Hz), 7.09 (1 H, dd). 7.37 (1 H, s), 8.15 (1 H, br s); MW 350.47 (C2,H26N40); 
Mass spectrum EI-MS m/z 350 (M)"*^ 

w [0181] By dissolving the thus obtained free compound in hydrochloric acid-saturated methanol, its hydrochloride 
was obtained. 

MW 386.93 (C21H27CIN4O); Mass spectrum TSP m/z 351 (M - C!)"^ 

35 Synthesis Example 22c 4.5.6.7-Tetrahydro-1 H-pyrazolo[4.3-c1pyridine dihydrochloride 

[0182] 5-t-Butoxycart>onyl-1 ,4,6,7-tetFahydro-pyrazo[4,3-c]pyridine (390 mg, 1 .8 mmol) was dissolved in hydrochlo- 
ric acid-saturated methanol (5 ml) and stirred at room temperature for 5,5 hours. The thus precipitated crystals were 
collected by filtration and washed with a small amount of cold methanol to obtain 220 mg (1.1 mmol, 65% in yield) of 
40 the title compound. 

MW 196.08 (CfiHiiClgNa); Mass spectrum EI-MS m/z 123 (M - 2HCI)+ 

Synthesis Example 23c (the inventive compound) 2a-(4-(1.4.6.7-Tetrahydro-pyra2olo[4.3-c]pyridin-S-yl)butyn-2a.3.4.5- 
45 tetrahydro-1 H-benzfcd]indol-2-one 

[0183] This was synthesized by the same method of Synthesis Example I7c, except that 4,5,6,7-tetrahydro-1 H- 
pyra2olo[4,3-c]pyridine dihydrochloride was used instead of 4.5.6.7-tetrahydro-thieno-{3.2-c]pyridine (yield. 87%). 

so ""H-NMR (CDCI3): 5 1.03 - 1.15 (1 H. m). 1.30 - 1.50 (4 H. m), 1 .76 - 1.92 (3 H.m), 2.06 - 217 (2 H. m). 2.40 • 2.49 
(2 H. m). 2.60 - 2.89 (6 H, m). 3.45 (2 H, s). 6.66 (1 H. d. J = 7.8 Hz). 6.80 (1 H. d. J = 7.8 Hz), 7.1 1 (1 H, dd). 7.26 
(1 H. s), 7.52 (1 H. br s); MW 350.47 (C21H26N4O): Mass spectrum TSP m/z 351 (M + H)* 

[0184] By dissolving the thus obtained free compound in hydrochloric acid-saturated methanol, its hydrochloride 
55 was obtained: MW 386.93 (C21 H27CIN40); Mass spectrum TSP m/z 351 (M - Cl)^ 
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Synthesis Example 24c fthe inventive compound^ 2a-M-(4.5.6.7-Tetrahvdro-furof3.2-clDvriclin-5'Vnbutvh-2a.3.4.5-tet- 

H-ben^[QCfl''ndo|-2-QPe 

[0185] 5-Benzyl-4,5,6,7-tetrahydro-furo[3,2-c]pyridine (410 mg. 1 .9 mmol) was dissolved in ethanol (4 nnl), and the 
5 solution was mixed with 1 0% palladiunn on activated carbon (80 mg) and stirred at room temperature for 15 hours In an 
atmosphere of hydrogen. The reaction solution was fiftered to remove 10% palladium on activated carbon, and the sol- 
vent was removed by evaporation under a reduced pressure to obtain crude 4,5,6,7-tetFahydro-furo[3,2-c]pyridine. This 
compound and2a-(4-bromobutyl)-2a,3,4,5-tetrahydro-lM'benz[cd]indoh2-one (590 mg, 1.9 mmol) and potassium car- 
bonate (400 mg, 2.9 mmol) were stirred at room temperature for 18 hours in anhydrous N,N-dimethylformamide (4 ml). 
10 The reaction solution was mixed with ethyl acetate, washed with water and saturated brine and then dried with anhy- 
drous magnesium sulfate. The solvent was removed by evaporation from the organic layer under a reduced pressure, 
and the thus obtained material was separated and purified by a silica gel column chromatography to obtain 94 mg (0.27 
mmol, 14% In yield) of the title compound. 

IS ^N-NMR(CDCl3): 51.03-1.15.(1 H. m). 1.28 - 1.54 (4 H, m). 1,76 - 1.92 (3 H, m). 2.04 -2.18 (2 H, m). 2.38 - 2.50 
(2 H, m), 2.60 - 2.76 (5 H, m), 2.79 - 2.89 (1 H, m). 3.33 (2 H, s), 6.1S (1 H, d, J = 1.9 Hz), 6.66 (1 H, d. J = 7.6 Hz). 
6.80 (1 H. d. J = 7.8 Hz), 7.1 1 (1 H, dd), 7.23 (1 H, d), 7,28 (1 H, br s); MW 350.46 (C22H26N2O2); Mass spectrum 
EI-MS m/z 350 (M)" 

20 [0186] By dissolving the thus obtained free compound in hydrochloric acid-saturated methanol, its hydrochloride 
was obtained. 

MW 386.91 (C22H27CIN202); Mass spectrum TSP m/z 351 (M • CI)'' 

25 Synthesis Example 25c (the inventive comoound) 5'(4-f2-Qxo-2a.3.4.S-tetrahvdro-1H-benzrcd]indQl-2a-vh-butvl^ 
4.5.6.7-tetrahydro-thienor3.2-clpyridine-2-carbQxvlic acid methyl ester 

[0187] 5-t-Butoxycarbonyl>4,5,6,7-tetrahydro-thieno[3,2-c]pyridine-2-carboxylic acid (300 mg, 1.1 mmol), potas- 
sium carbonate (150 mg, 1.1 mmol) and methyl iodide (150 mg. 1.1 mmol) were stinred at room temperature for 4.5 

30 hours in anhydrous N,N-dimethylformamide (3 ml). The reaction solution was mixed with ethyl acetate, washed with 
water and saturated brine and then dried with anhydrous sodium sulfate to obtain crude 5-t-butoxycarbony 1-4,5,6, 7-tet- 
rahydro-thieno[3,2-c]pyridine-2-carboxylic acid methyl ester. This was mixed with hydrochloric acid-saturated methanol 
(4 ml) and stirred at room temperature for 14 hours. By evaporating the solvent from the reaction solution under a 
reduced pressure, crude 4,5.6,7-tetrahydro-thieno[3.2-c)pyridine-2-carboxylic acid methyl ester hydrochloride was 

35 obtained. This compound and triethylamine (0.59 ml, 4.2 mmol) and 2a-(4-bromobuty1)-2a,3,4,5-tetrahydro-1H- 
benz[cdlindol-2-one (310 mg, 1.0 mmol) were stirred at room temperature for 24 hours in anhydrous N,N-dimethylfor- 
mamide (10 ml). The reaction solution was mixed with ethyl acetate, washed with water and saturated brine and then 
dried with anhydrous sodium sulfate. The solvent was removed by evaporation under a reduced pressure,.and the thus 
obtained material was separated and purified by a silica gel column chromatography to obtain 240 mg (0.56 mmol, 56% 

40 in yield) of the title compound. 

^H-NMR(CDCl3):5l.04 -1.16(1 H, m). 1 .30 - 1.53 (4 H, m), 1.76- 1.92 (3 H, m), 2.04 -2.19 (2 H, m), 2.38 -2.49 
(2 H, m), 2.60 - 2.76 (3 H, m). 2.79 • 2.92 (3 H, m), 3.45 (2 H, s), 3.85 (3 H. s). 6.66 (1 H. d. J = 7.6 Hz), 6.80 (1 H, 
d, J = 7.8 Hz), 7.12 (1 H. dd), 7.24 (1 H. br s), 7.41 (1 H. s); MW 424.56 (C24H28N2O3S); Mass spectrum EI-MS 
45 m/z 424 (M)* 

[0188] By dissolving the thus obtained free compound in hydrochloric acid-saturated methanol, its hydrochloride 
was obtained. 

50 MW 461 .02 (C24H29CIN203S); Mass spectrum TSP m/z 425 (M - CI)* 

Synthesig Example 26c 54-BgtQxycaitQnyl-2<iafbamoyKS>6 J-tetrahydro-thieno[3.2-c]pyr!tf ne 

[0189] 5-t-Butoxycatbonyl-4,5.6,7-tetrahydro-thieno[3.2-c|pyridine-2-cart30xyric acid (570 mg, 2.0 mmol) was dis- 
ss solved in anhydrous tetrahydrofuran (10 ml), and the solution was mixed with 1,1-carbonyldiimidazole (320 mg, 2.0 
mmol) and stin-ed at room temperature for 1 hour. The reaction solution was mixed with ammonia dioxane solution (0.5 
M. 8.0 ml, 4.0 mmol) and the stining was continued for 16 hours. The solvent was removed by evaporation from the 
reaction solution under a reduced pressure, and the residue was mixed with ethyl acetate and washed with water. 
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hydrochloric acid (1 N), sodium hydroxide aqueous solution (1 N) and saturated brine. The organic layer was dried with 
anhydrous sodium sulfate, and the solvent was removed by evaporation under a reduced pressure to obtain 460 mg 
( 1 .6 mmol. 80% in yield) of the titie compound. 

5 'H-NMR (CDCIa): 5 1 .49 (9 H, s). 2.84 - 2.90 (2 H, m), 3.70 - 3.76 (2 H. m), 4.48 (2 H, s). 5.76 (2 H, br s). 7.25 (1 

H. s); MW 282.36 (C,3Hi8N2033); Mass spectrum FAB nn/z 283 (M + H)^ 

Synthesis Example 27c (the inventive compound^ S-(4-f2>OxO'2a.3.4.S-tetrahvdro-1H'ben2[cd)indol«2a'yl)-butyn- 
4.5.6.7-tetrahvdro-thtenof3.2-clDVridine-2-cafboxamide 

[0190] 5-t-Butoxycarbonyl-2-cartamoyl-4,5,6,7-tetrahydro-thieno[3,2-cJpyridine (280 mg, 1.0 mmol) was dissolved 
in hydrochloric acid methanol solution and stirred at room temperature for 18 hours. By evaporating the solvent from the 
reaction solution under a reduced pressure, crude 2-carbamoyl-4,5,6,7-tetrahydro-thieno[3,2-c]pyridine was obtained. 
This compound and triethylamine (0.56 ml, 4.0 mmol) and 2a-(4-bromobutyl)-2a,3A5-tetrahydro-1H-ben2[cd]indol-2- 
15 one (290 mg. 0.95 mmol) were stirred at room temperature for 22 hours in anhydrous N.N-dlmethylformamide (15 ml). 
The reaction solution was mixed with ethyl acetate, washed with water and saturated brine and then dried with anhy- 
drous sodium sulfate. The solvent was removed by evaporation from the organic layer under a reduced pressure, and 
the thus obtained material was separated and purified by a silica gel column chromatography to obtain 170 mg (0.42 
mmol, 44% in yield) of the title compound. 

20 

^H-NMR (CDCIg): 5 1.04 - 1.16 (1 H. m), 1.30 - 1,55 (4 H, m), 1.77 - 1.92 (3 H, m), 2.06 - 2.18 (2 H, m).2.38 - 2.48 
(2 H, m). 2.60 - 2.73 (3 H, m), 2.79 - 2.89 (3 H, m), 3.45 (2 H, s). 5.68 (2 H. brs), 6.67 (1H, d, J = 7.6 Hz), 6.80 (1 
H, d, J = 7.6 Hz), 7.1 1 (1 H, dd). 7. 1 6 (1 H, s). 7.54 (1 H. br s); MW 409.55 (CagHgrNgOaS); Mass spectrum El-MS 
m/z409(M)* 

25 

[0191] By dissolving the thus obtained free compound in hydrochloric acid-saturated methanol, its hydrochloride 
was obtained. 

MW 446.01 (C23H28CIN3O2S); Mass spectrum TSP m/z 41 0 (M - CI)*" 

30 

Synthesis Example 28c 5-t-Birtoxvcaibonvl-2-(morpholine>4-carbonvlM:S.6.7>tetrahvdro-thienof3.2-c ]pyridine 

[0192] 5-t-Butoxycarbonyl-4,5,6,7-tetrahydro-thieno[3,2-c]pyridtne-2-carboxylic acid (570 mg, 2.0 mmol) was dis- 
solved In anhydrous tetrahydrofuran (10 ml), and the solution was mixed with 1 , 1 -carbonyldiimidazole (320 mg, 2.0 

35 mmol) and stirred at room temperature for 1 hour. The reaction solution was mixed with morphoiine (1 70 mg, 2.0 mmol) 
and the stinging was continued for 14 hours. The solvent was removed by evaporation from the reaction solution under 
a reduced pressure, and the residue was mixed with ethyl acetate and washed with water, hydrochloric acid (1 N), 
sodium hydroxide aqueous solution (1 N) and saturated brine. The organic layer was dried with anhydrous sodium sul- 
fate, and the solvent was removed by evaporation under a reduced pressure to obtain 610 mg (1 .9 mmol, 94% in yield) 

40 ofthe title compound. 

^H-NMR (CDCI3): 6 1 .49 (9 H, s), 2.82 - 2.87 (2 H, m), 3.70 - 3.78 (1 0 H. m), 4.47 (2 H. s), 6.69 (1 H. s); MW 352.45 
(C17H24N2O4S); Mass spectrum TSP m/z 353 (M -i- H)* 

45 Synthesis Example 29c 2-fMorpholine-4-carbonylV4.S.6.7-tetrahydro-thi enor3.2-c]pvridine 

[0193] 5-t-Butoxycarbonyl-2-(morpholine-4<art)onyl)-4,5,6,7-tetrahydro-thieno(3,2-c]pyridine (610 mg. 1.7 mmol) 
was mixed with hydrochloric acid-saturated methanol and stirred at room temperature for two nights. The solvent was 
removed by evaporation from the reaction solution under a reduced pressure, and the residue was mixed with sodium 
50. hydroxide aqueous solution (1 N). The reaction product was extracted with ethyl acetate, and the organic layer }nbs 
washed with saturated brine and dried with anhydrous magnesium sulfate. By evaporating the solvent from the organic 
layer under a reduced pressure, 270 mg (1 .1 mmol. 63% In yield) of the title compound was obtained. 

^H-NMR (CDCI3): 5 2.79 - 2.84 (2 H. m). 3.14 - 3.18 (2 H, m), 3.70 - 3.78 (8H, m), 3.88 - 3.92 (2 H. m). 6.96 (1 H, 
55 s); MW 252.33 (CtaHieNaOgS); Mass spectrum EI-MS m/z 262 (M)* 



NSOCCID <EP 10578I4A1J_> 



49 



EP 1 057 814 A1 



Synthesis Example 30c (the inve ntive compound) 2aW4-(2>MorPholine-4-carbonvl)-4.5.6.7'tetrahydro-thienQf3.2-c)pyri> 
din-5-vhbutvh-2a.3.4.S-tetrahydfo-1H-benz[cdlindol-2-one 

[0194] This was synthesized by the same method of Synthesis Example 1 7c, except that 2-{morpholine-4-carbo- 
5 nyl)-4,5,6,7-tetrahydro-thieno[3,2-c]pyridine was used instead of 4,5,6,7-tetrahydro-thieno(3,2-c]pyridine (yield. 59%). 

^H-NMR (CDCI3): 5 1.04 - 1.16 (1 H. m). 1.28 - 1.53 (4 H, m), 1.76 - 1.92 (3H. m). 2.06 - 2.18 (2H. m), 2.39 - 2.49 
(2 H.m), 2.60 - 2.75 (3 H, m), 2.79 - 2.89 (3 H. m), 3.44 (2 H, s), 3.68 - 3.78 {8 H, m). 6.66 (1 H, d, J = 7.6H2), 6.80 
(1 H, d, J = 7.B Hz). 6.91 (1 H, s), 7.1 1 (1 H, dd), 7.23 (1 H. br s); MW 479.64 (C27H33N3O3S): Mass spectrum Ei- 
10 MS m/Z 479 (M)* 

[0195] By dissolving the thus obtained free compound in hydrochloric acid-saturated methanol, its hydrochloride 
was obtained. 

15 MW 51 6.1 0 (C27H34CIN3O3S); Mass spectrum TSP m/z 480 (M - CI)* 

Synthesis Example 31 c (the inventive comoound) 5-M-f2-Oxo-2a.3.4 .5-tetrahydro-1 H-benzrcd|indol-2a-vl)-butyl)- 
4.S.6.7-tetrahvdro-thienor3.2<lDvridine-2^arfaoxylic acid benzvl ester 

20 [0196] This was synthesized by the same method of Synthesis Example 25c, except that benzyl bromide was used 
instead of methyl iodide (yield, 71%) 

^H-NMR (CDCIg): $ 1.04 - 1.16 (1 H, m), 1.24 - 1.55 (4 H. m). 1.75-1.93 (3 H, m). 2.04-2.18 (2 H, m). 2.36 - 2.49 
(2 H. m), 2.59 - 2.74 (3 H. m), 2.78 - 2.89 (3 H, m), 3.44 (2 H. s), 5.30 (2 H. s), 6.66 (1 H, d, J = 7.6 Hz), 6.80 (1 H, 
25 d. J = 7.8 Hz). 7.1 1 (1 H, dd). 7.30 - 7.45 (7 H. m); MW 500.66 (C30H32N2O3S); Mass spectrum EI-MS m/z 500 (M)* 

[0197] By dissolving the thus obtained free compound in hydrochloric acid-saturated methanol, its hydrochloride 
was obtained. 

30 MW 537.1 2 (C30H33CIN2O3S); Mass spectrum TSP m/z 501 (M - CI)* 

Synthesis Example 32c 5-t-Butoxvcarfaonvl-2-dimethvlcarbamovl-4.5.6.7-tetrahydro-thlenof3.2-c]pyridine 

[0198] 5-t-Butoxycarbonyl-4.5,6,7-tetrahydro-thieno[3,2-c]pyridine-2-carboxylic acid (570 mg. 2.0 mmol) was dis- 
35 solved in anhydrous tetrahydrofuran (10 ml), and the solution was mixed with 1,1-cart)onyldiimidazole (320 mg, 2.0 
mmol) and stirred at room temperature for 1 hour. The reaction solution was mixed with dimethylamine tetrahydrofuran 
solution (2.0 M. 4.0 ml, 2.0 mmol) and the stimng was continued for 15 hours. The solvent was removed by evaporation 
from the reaction solution under a reduced pressure, and the residue was mixed with ethyl acetate and washed with 
water, hydrochloric acid (1 N). sodium hydroxide aqueous solution (1 N) and saturated brine. The organic layer was 
40 dried with anhydrous sodium sulfate, and the solvent was removed by evaporation under a reduced pressure to obtain 
470mg (1 .5 mmol, 77% in yield) of the title compound. 

^H-NMR (CDCI3): 5 1 .49 (9 H, s). 2.84 (2 H, br s). 3.1 8 (6 H, br s). 3.72 (2 H, br s). 4.47 (2 H. s). 7.05 (1 H, s): MW 
310.41 {C15H22N2O3S); Mass spectrum FAB m/z 31 1 (M + H)* 

45 

Synthesis Example 33c (the inventive compound^ 2a>(4-(2-D)methylcarbamoyl -4.S.6.7-tetrahydrQ.thienQ[a.2-c]pyridin. 
5-vnbutvh-2a.3.4.5-tetrahvdro-lH-b enzfcd1indol-2-one 

[0199] This was obtained by the same method of Synthesis Example 27c, except that 5-t-butoxycarbonyl-2-dimeth- 
50 ylcarbamoyl-4,5.6.7-tetrahydro-thieno[3.2-c]pyrldine was used instead of 5-t-butoxycart)onyl-2-cafbamoyl-4.5,6.7-tet- 
rahydro-thieno[3,2-c]pyridine (yield, 34%). 

^H-NMR(CDa3): 5 1.04 • 1.16 (1 H. m), 1.30 - 1.55 (4 H. m). 1.76- 1.92 (3 H, m). 2.06-2.18 (2 H. m). 2.38 -2.48 
(2 H. m), 2.60 - 2.75 (3 H, m). 2.80 - 2.89 (3 H, m). 3.15 (6 H, br s). 3.45 (2 H. s), 6.66 (1 H, d, J = 7.8 Hz), 6.80 (1 
55 H. d, J = 7.8 Hz). 6.98 (1 H. s). 7.1 1 (1 H. dd), 7.31 (1 H. br s); MW 437.60 (C2SH31N3O2S); Mass spectrum EISM 
m/z 437 (M)^ 

[0200] By dissohfing the thus obtained free compound in hydrochloric acid-saturated methanol, its hydrochloride 
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was obtained. MW 474.66 (C25H32CIN302S); Mass spectrum TSP m/z 438 (M • CI)* 
Synthesis Example 34c 5-t-ButoxvcarfaQnyl-4.S.6.7-tetrahydro-thlenor3.2-clDvridine 

5 [0201] 4,5.6,7>Tetrahydro-thieno[3.2-c]pyridine (1 .3 g. 9.0 mmol) was dissolved in dichloromethane (25 ml), and the 
solution was mixed with t-butyl bicarbonate (3. 1 ml. 1 3 mmol) and triethylamine (1 .3 ml. 9.0 mmol) and stirred at room 
temperature for 13 hours. The reaction solution was mixed w'lth dichloromethane. washed with water and saturated 
brine and dried with anhydrous sodium sulfate. When the solvent was removed by evaporation from the organic layer 
under a reduced pressure and the thus obtained material was separated and purified by a silica gel column chromatog- 

70 raphy. It was able to isolate a part of the title compound, but the most part was obtained as Its mixture with t-butyl bicar- 
bonate (total yield. 2.3 g). 

^H-NMR (CDCI3): 6 1.49 (9 H. s). 2.84 (2 H. brs), 373 (2 H, br s), 4.50 (2 H, br s), 6.78 (1 H, d, J = 4.8 Hz), 7.12 
(1 H. d); MW 239.33 .(C12H17NO2S); Mass spectrum EISM m/z 239 (M)+ 

15 

Synthesis Example 35c S-t-Butoxycarbonyl-2-methvl-4.5.6.7>tetfahydro-thienQf3.2-c]pyridine 

[0202] 5-t-Butoxycarbonyl-4,5,6,7-tetrahydro-thieno[3,2-clpyridine (330 mg, 1 .4 mmol) was dissolved in anhydrous 
tetrahydrofuran (18 ml), n-butyl lithium hexane solution (3.0 mmol) was added dropwise to the solution which was 

20 cooled in an ice bath, and then the mixture was stirred for 1 hour. This was further mixed with methyl iodide (430 mg, 
3.0 mmol), and the stirring was continued while increasing the reaction temperature to room temperature spending 2 
hours. The reaction solution was mixed with water and the reaction product was extracted therefrom with ethyl acetate. 
The organic layer was washed with saturated brine and dried with anhydrous magnesium sulfate, and then the solvent 
was removed by evaporation under a reduced pressure and the thus obtained material was separated and purified by 

25 a silica gel column chromatography to obtain 1 10 mg (0.42 mmol, 31% in yield) of the title compound. 

^H-NMR (CDCI,): 5 1.49 (9 H. s), 2.42 (3 H, s), 2.75 (2 H. br s) 3.69 (2 H, br s), 4.40 (2 H, s), 6.43 (1 H. s); MW 
253.36 (CiaHigNOjS): Mass spectrum TSP m/i 254 (M + H)* 

30 Synthesis Example 36c2-Methyl-4.5.6.7-tetrahydro-thienof3.2-cl pyridine 

[0203] 5-t-Butoxycarbonyl-2-methyl-4,5.6,7-tetrahydro-thieno[3,2-clpyridine (1 00 mg, 0.40 mmol) was dissolved in 
hydrochloric acid methanol solution and stirred at room temperature for 14 hours. By evaporating the solvent from the 
reaction solution under a reduced pressure, 60 mg (0.39 mmol, 99% in yield) of the title compound was obtained. 

35 

^H-NMR (CDCI3): 62.42 (3 H. S). 2.69 - 2.74 (2 H. m). 3.10 - 3.15 (2 H, m). 3.83 (2 H, s), 6.39 (1 H. s); MW 153.24 
(CflH 1 1 NS); Mass spectrum TSP m/2 1 54 (M + H)* 

Synthesis Example 37c (the inventive compound) 2a-f4-f2-Methy 1-4.5.6. 7-tetrahydro-thieno[3.2-c]Dvridin'5-yl)butyl)' 
40 2a.3.4.5-tetrahydro-1H-ben2[cd]indQU2-Qne 

[0204] This was synthesized by the same method of Synthesis Example 1 7c. except that 2-methyl-4,5,6,7-tetrahy- 
dro-thieno[3.2-c) pyridine was used instead of 4.5.6,7-tetrahydro-thienot3,2-c] pyridine (yield. 78%). 

45 ^H-NMR (CDCI3): 5 1 .02 - 1 . 1 5 (1 H. m). 1 .30 - 1 .53 (4 H, m), 1 .76 - 1 .92 (3 H. m), 2.06 - 2.1 8 (2 H, m). 2.35 - 2,48 
(5 H, m), 2.59 - 2.89 (6 H. m), 3.38 (2 H. s). 6.34 (1 H, s), 6.66 (1 H. d, J = 7.8 Hz), 6.80 (1 H, d, J = 7.8 Hz). 7.1 1 
(1 H. dd), 7.19 (1 H, br s); MW 380.55 (CgaHgeNaOS); Mass spectrum EI-MS m/z 380 (M)* 

[0205] By dissolving the thus obtained free compound in hydrochloric acid-saturated methanol, its hydrochloride 
so was obtained. 

MW 417.01 (C23H29CIN2OS); Mass spectrum TSP m/z 381 (M - CI)* 

Synthesis Example 38c S-t-Butoxvcart3Qnvl-3-methvl'45.6.7-tetrahvdro-thlenor3.2-clPvridine>2'CarbQxync acid 

55 

[0206] 5-t-Butoxycarbonyl-4.5.6.7-tetrahydro-thieno[3,2-c]pyridine-2-cart)oxylic acid (300 mg. 1.1 mmol) was dis- 
solved in anhydrous tetrahydrofuran (5 ml), n-butyl lithium hexane solution (1 5%. 1 .5 ml, 2.3 mnnol) was added dropwise 
thereto at -76**C in an atmosphere of argon, and then the mixture was stirred for 1 hour The reaction solution was mixed 



51 



NSOOCID <EP l057ai4Al_L> 



EP 1 057 814 A1 



with methyl iodide (1 .6 ml. 2,7 mmol) and stirred for 1 hour and then at room temperature for 1 hour. The reaction solu- 
. tlon was mixed with ethyl acetate and hydrochloric acid (1 N] to acidify the water layer, and then the reaction product 
was extracted with ethyl acetate. The organic layer was washed with saturated brine and dried with anhydrous magne- 
sium sulfate, and then the solvent was removed by evaporation under a reduced pressure and the thus obtained mate- 
5 rial was separated and purified by a silica gel column chromatography to obtain 180 mg (0.61 mmol, 57% in yield) of 
the title compound. 

^H-NMR (CDCI3): 5 1.50 (9 H. s). 2.43 (3 H. m), 3.72 (2 H, s), 4.39 (2 H. br S), 7A9 (1 H, S): MW 297.37 
(Ci4Hi9N04S); Mass spectrum TSP m/z 298 (M + Hf 

10 

Synthesis Example 39c 6.7-DlmethQxv>l-methvl-1.2.3.4-tetrahvdrQ-iSQqulnollne-2'Carboxylic acid t-butvl ester 

[0207] 6,7-Dlhydroxy-1-methyl-1,2,3,4'tetrahydro-isoquinoline monohydrobromide (510 mg, 2.9 mmol) was dis- 
solved in water (5 ml) and dioxane (5 ml), and the solution was mixed with sodium bicarbonate (410 mg, 4.9 mmol) and 

15 t-butyl bicarbonate (470 mg, 2.2 mmol) and stinred at room temperature for 2.5 hours. Ethyl acetate was added to the 
reaction solution, and the organic layer was washed with dilute hydrochloric acid and saturated brine and then dried 
with anhydrous magnesium sulfate. The solvent was removed by evaporation from the organic layer under a reduced 
pressure and the thus obtained material was dried under a reduced pressure to obtain crude 2-t-butoxycarbonyl-6,7- 
dihydroxy-1 -methyl-1 ,2.3.4-tetrahydro-isoquinoline (61 0 mg). Crude 2-t-butoxycarbonyl-6,7-dihydroxy-1 -methyl- 

20 1,2.3.4-tetrahydrO'isoquinorine (610 mg) was dissolved In anhydrous N.N-dimethylformamlde (6 ml), and the solution 
was mixed with sodium hydride (60%, 1 70 mg. 4. 1 mmol) and stirred at room temperature for 46 minutes. The reaction 
solution was mixed with methyl iodide (580 mg, 4 1 mmol) and again stirred for 1 hour. The reaction solution was mixed 
with ethyl acetate, washed with water and saturated brine and dried with anhydrous magnesium sulfate. The solvent 
was removed by evaporation from the organic layer under a reduced pressure, and the thus obtained material was sep- 

25 arated and purified by a silica gel column chromatography to obtain 1 90 mg (0.62 mmol, 32% in yield) of the title com- 
pound. 

^H-NMR (CDCI3): 6 1 .42 (3H. d. J = 6.8Hz), 1.49 (9 H, s). 2.50 - 3.30 (5 H, br s). 3.85 (3 H. s). 3.86 (3 H, s), 6.59 
(2 H, s); MW 307.39 (C17H25NO4); Mass spectaim TSP nVz 308 (M + H)* 

30 

Synthesis Example 40c (the inventive comoound^ 2a-f4-r6.7-Dimethoxy-lHnethyl-1.2.3.4-tetrahvdro-iSQquinolin-2-yh- 
butvlV2a3.4.5-tetrahvdrD-1H-benzrcdlindol-2-Qne 

[0208] 2-t-Butoxycarbonyl-6,7-dimethoxy-1 -methyl-1. 2,3.4-tetrahydroHSoquinoline (190 mg, 0.61 mmol) was dis- 
35 solved in hydrochloric acid methanol solution (4 ml) and stln-ed at room temperature for 2.6 hours. The residue obtained 

by evaporating the solvent from the reaction solution under a reduced pressure was dissolved in anhydrous N,N- 

dimethylformamide (2 ml), and the solution was mixed with 2a-(4-bromobutyl)-2a,3,4,5-tetrahydro-1H-benz[cd]indole- 

2-one(190 mg, 0.61 mmol) and potassium carbonate (250 mg, 1 .8 mmol) and stin-ed at room temperature for 14 hours. 

The reaction solution was mixed with ethyl acetate, washed with water and saturated brine and dried with anhydrous 
40 magnesium sulfate. The solvent was removed by evaporation under a reduced pressure, and the thus obtained material 

was separated and purified by a silica gel column chromatography to obtain 200 mg (0.46 mmol, 76% in yield) of the 

title compound. 

^H'NMR (CDCI3): a 1.01 - 1 .15 (1 H, m), 1.22 > 1.53 (7 H, m). 1.76 - 1.89 (3 H. m), 2.06 - 2.19 (2 H, m), 2.42 - 2.90 
45 (7 H. m), 2.94 - 3.04 (1 H, m), 3.70 - 3,77 (1 H. m). 3^83 (3 H, s), 3.83 (3 H, s). 6.51 (1 H. s). 6.53 (1 H, s), 6.65 (1 

H, d, J = 7.6 Hz), 6.80 (1 H, d, J = 7.4 Hz), 7.1 1 (1 H, dd), 7.16 (1 H, br s); MW 434.68 (C27H34N2O3): Mass spec- 
trum EI-MS m/z 434 (M)^ 

[0209] By dissolving the thus obtained free compound in hydrochloric acid-saturated methanol, its hydrochloride 
so was obtained. 

MW 471 .04 (C27H35CIN2O3): Mass spectrum TSP m/z 435 (M • CI)* 

• Synthesis Example 41c 3-FluQro-2-methvl-ben2oic acid methvl ester 

55 

[0210] 3-Fluoro-2-methyl-benzoic acid (4.8 g. 31 mnhol). potassium carbonate (4.3 g. 31 mmol) and methyl Iodide 
(4.5 g. 31 mmol) were stirred at room temperature for 17.5 hours in anhydrous N.N-dimethylfonnamide (50 ml). The 
reaction solution was mixed with ethyl acetate, washed with water ar)d saturated brine and then dried with anhydrous 
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magnesium sulfate. The solvent was removed by evaporation from the organic layer under a reduced pressure, and the 
thus obtained material was separated and purified by a silica gel column chromatography to obtain 4.8 g (27 mmol, 87% 
in yield) of the title compound. 

5 ^H-NMR (CDCI3): S 2.49 (3 H, d. J 2.4 Hz). 3.90 (3 H, s), 7.15-7.23 (2H, m). 7.67 (1 H, dd. J =: 2.2 Hz. 6.8 Hz); 
MW 168.17 (C9H9O2F); Mass spectrum EI-MS m/z 168 (M)^ 

Synthesis Example 42c 2-Bromomettivl-3-fluoro>benzoic acid methvl ester 

10 [0211] 3-Fluoro-2-methyl-ben20ic acid methyl ester (4.3 g, 26 mmol). N-bromosucclnlmide (5.0 g, 28 mmol) and 
(420 mg, 2.6 mmol) were stin'ed at 80*C for 10 hours in carbon tetrachloride (45 ml). The reaaion solution was mixed 
with water and chloroform, washed with saturated sodium bicarbonate aqueous solution and saturated brine and then 
dried with anhydrous magnesium sulfate. The solvent was removed by evaporation from the extract under a reduced 
pressure, and the thus obtained material was separated and purified by a silica gel column chromatography to obtain 

IS 5. 1 g (21 mmol. 81 % in yield) of the title compound. 

^H-NMR (CDCI3): 6 3.96 (3 H, s), 5.00 (2 H. d. J = 1 .7 Hz). 7.26 (1 H. ddd. J= 1 .2 Hz, 8.2 Hz. 9.0 Hz), 7.37 (1 H. 
ddd, J = 5.4 Hz, 8.2 Hz). 7.78 (1 H. dd); MW 247,06 (CgHgOgBrF); Mass spectrum EI-MS m/z 245:247 (intensity 
ratio 1:1) (M)* 

Synthesis Example 43c 2>Cyanomethyl«3-fluoro-benzoic acid methyl ester 

[0212] 2-Bromomethyl-3-fluoro-benzoic acid methyl ester (5.1 g, 21 mmol) was dissolved in methanol (50 ml), and 
sodium cyanide aqueous solution (4.2 M. 5 ml, 21 mmol) was added dropwise thereto. After completion of the dropwise 
25 addition, the mixture was stin'ed at 50®C for 2 hours. The residue obtained by evaporating the solvent from the reaction 
solution under a reduced pressure was mixed with ethyl acetate, washed with water and saturated brine and then dried 
with anhydrous magnesium sulfate. The solvent was removed by evaporation from the organic layer under a reduced 
pressure, and the thus obtained material was separated and purified by a silica gel column chromatography to obtain 
3.3 g (17 mmol, 82% in yield) of the title compound. 

30 

^H-NMR (COCI3): 6 3.97 (3 H, s). 4. 1 9 (2 H. d, J = 1 .5 Hz), 7.34 (1 H, ddd, J = 1 .2 Hz, 8.0 Hz. 8.8 Hz). 7.43 (1 H, 
ddd. J = 5.6 Hz, 8.0 Hz), 7.88 (1 H, dd); MW 193.18 (CioHgOgNF); Mass spectrum EI-MS m/z 193 (M)* 

Synthesis Example 44c 5- Flu QrQ.3.4-dihydrQ-2H-i soquinolin>1 -one 

35 

[021 3] Ethanol and Raney nickel (Aldnch) were added to 2-cyanomethyl-3'fluoro-benzoic acid methyl ester (3.3 g, 
1 7 mmol) to carry out catalytic reduction under ordinary pressure at 60*C for 7 hours and then at room temperature for 
15 hours. Raney nickel was removed from the reaction solution by filtration, the solvent was removed by evaporation 
under a reduced pressure, and the thus obtained material was separated and purified by a silica gel column chroma- 
40 tography to obtain 2.1 g (1 3 mmol. 74% in yield) of the title compound. 

^H-NMR (CDCI3): 8 3.03 (2 H. t. J = 6,8 Hz), 3.57 - 3.61 (2 H. m), 6.1 8 (1 H. br s), 7.1 9 - 7.36 (2 H, m), 7,89 (1 H, 
d. J = 7.8 Hz); MW 165.17 (CgHsNOF); Mass spectrum EI-MS m/z 165 (M)^ 

45 Synthesis E xample 45c rthe inventive compound) 2a-(4-(5-Fluoro-1.2.3.4>tetrahydro-isoQuinolin-2-yl).butyl)-2a.3.4.S- 

tQtr^hydro-l H-benz[cd]indo|-g-one 

[0214] 5-Fluoro-3.4-dihydro-2HHSoquinorm-Vone (200 mg, 1 .2 mmol) was dissolved in anhydrous tetrahydrofuran 
(6 ml), and the solution was mixed with Red-AI (Aldrich, 65% toluene solution, 6.1 mmol) and stirred at room tempera- 

so ture for 18 hours. Water was slowly added to the reaction solution, and celite filtration was earned out when foaming 
started. The reaction product was extracted from the filtrate with ethyl acetate, and the reaction product was extracted 
from the extract with dilute hydrochloric acid. The water layer was alkalified with sodium hydroxide aqueous solution, 
and the reaction product was extracted therefrom with ethyl acetate. The extract was washed with saturated brine and 
dried with anhydrous magnesium sulfate, and then the solvent was removed by evaporation under a reduced pressure 

55 to obtain crude 5-fluoro-3,4-dihydro-2H-isoquinoline. The crude 5'fIuoro-3,4-dihydro-2H-isoquinorme was dissolved in 
anhydrous N.N-dimethylformamide (3 ml), and the solution was mixed with 2a-(4>bromobutyi)-2a.3.4.5-tetrahydro-lH- 
benz(cd]indol-2-one (370 mg. 1.2 mmol) and potassium cart^onate (250 mg. 1.8 mmol) and stirred at room temperature 
for 1 8 hours. The reaction solution was mixed with water, the reaction product was extracted with ethyl acetate, and the 
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extract was washed with water and saturated brine and dried with anhydrous magnesium sutfate. The solvent was 
removed by evaporation from the extract under a reduced pressure, and the thus obtained material was separated and 
purified by a silica gel column chromatography to obtain 55 mg (0. 1 4 mmol, 1 2% in yield) of the title compound. 

5 ^H-NMR (CDCI3): 6 1 .04 - 1 .17 (1 H, m), 1 .24 - 1.42 (2 H, m). 1 .45 - 1 .62 (2 H, m), 1 .77 - 1 .93 (3 H. m). 2.06 - 2.1 9 

(2 H. m), 2.34 - 2.47 (2 H. m); 2.59 - 2.69 (3 H, m), 2.76 - 2.89 (3 H. m). 3.53 (2 H, s). 6.66 (1 H. d, J = 7.6 Hz). 6.77 
- 6.84 (3 H. m), 7.03 - 7.13 (2 H. m). 7.19 (1 H, br s); MW 378.49 (C24H27N2OF); Mass spectrum EI-MS m/z 378 

m* 

10 [0215] By dissolving the thus obtained free compound In hydrochloric acid-saturated methanol, its hydrochloride 
was obtained. 

MW 414.95 (C24H28CIN2OF); Mass spectrum TSP m/z 379 (M • CI)* 

IS Synthesis Example 46c 3-Methyl-4.5.6.7-tetrahydro-thieno[3.2-c]pyridine 

[0216] 5-t-Butoxycarbonyl-3-methyl-4,5,6,7-tetrahydro-thienot3,2-c]pyridine (150 mg, 0.49 mmol) was dissolved in 
chloroform (1 ml), and the solution was mixed with hydrochloric acid methanol solution (2 ml), stirred at room tempera- 
ture for a hours, further mixed with concentrated hydrochloric acid (1 ml) and stirred for 16 hours. The solvent was 

20 removed by evaporation from the reaction solution under a reduced pressure, and the thus obtained residue was mixed 
with 47% hydrobromtc add (6 ml) and stinted at 140''C for 4 hours. The reaction solution was returned to room temper- 
ature and atkal'rfied by adding sodium hydroxide aqueous solution and then the reaction product was extracted there- 
from with ethyl acetate. The ethyl acetate layer was washed with saturated brine and dried with anhydrous magnesium 
sulfate, and then the solvent was removed by evaporation under a reduced pressure to obtain 68 mg (0.44 mmol. 90% 

25 in yield) of the title compound. 

MW 153.24 (CfiH^iNS); Mass spectrum E(-MS m/z 153 (M)* 

Synthesis Example 47c (the inventive compound^ 2a>(4-(3-Methvl-4.5.6.7-tetrahydrQ-thieno[3.2-c]pyridin-5>yhbutyn- 
30 2a.3.4.5-tetrahvdro>1H-benzrcd]indol-2-one 

[0217] This was synthesized by the same method of Synthesis Example 1 7c, except that 3-methyl-4,5,6,7-tetrahy- . 
dro-thieno[3.2-c]pyridine (0.65 mmol) was used instead of 4.5,67-tetrahydro-thieno[3,2-clpyridine (yield. 77%). 

35 ^H-NMR (CDCI3): 5 1 .06 - 1 -17 (1 H, m), 1 .25 - 1 .41 (2 H, m), 1 .45 - 1 .63 (2 H, m), 1 .77 - 1 .94 (3 H. m). 2.03 - 2.19 

(5 H, m), Z40 - 2.52 (2 H. m). 2.60 - 2.71 (3 H, m), 2.79 - 2.89 (3 H, m), 3.34 (2 H. s), 6,66 • 6.67 (2 H, m), 6.80 (1 
H. d. J = 7.6 Hz). 7,1 1 (1 H, dd. J = 7.8 Hz). 7.23 (1 H. br s); MW 380.55 (C23H28N20S): Mass spectrum TSP rNz 
381 (M + H)* 

40 [0218] By dissolving the thus obtained free compound in hydrochloric acid-saturated methanol, its hydrochloride 
was obtained. 

MW 41 7.01 (C23H29CIN2OS); Mass spectrum TSP m/z 381 (M - Cl)+ 

4S Synthesis Example 48c 4.S.6.7>T6trahvdrD>thieno[3.2-c]pyridine 

[0219] Under ice-cooling, 1 0% sodium hydroxide aqueous solution (1 0 ml) was added dropwise to ethanol solution 
(200 ml) of 3-thiophene aldehyde (11 g, 98 mmol) and nitromethane (6.0 g, 98 mmol). After the dropwise addition, the 
reaction solution was added dropwise to 5 N hydrochloric acid, and the thus formed precipitate was collected by filtra- 

50 tion, washed with water and then dried to obtain crude 2-(3-thieno)-1-nitroethylene as yellow powder (yield, 10 g). At 
room temperature, diethyl ether solution (60 ml) of the crude 2-(3-thieno)-1-nitroethylene (1.55 g, 10 mmol) was added 
dropwise to diethyl ether suspension (20 ml) of lithium aluminum hydride (760 mg, 20 mmol). spending 40 minutes, and 
then the mixture was stin-ed for 20 minutes. Cold water was added to the reaction solution in small portions, and cellte 
filtration was earned out when precipitate was formed. The precipitate was washed with ethyl acetate, combined with 

55 the filtrate, washed with saturated brine and dried with anhydrous magnesium sulfate, and then the solvent was 
removed by evaporation under a reduced pressure. The residue was mixed with water (1.1 ml) and 37% formaldehyde 
aqueous solution (620 mg. 10 mmol) and vigorously stirred at lOO^C for 3 hours. The solvent was removed by evapo- 
ration from the reaction solution under a reduced pressure, and the thus obtained residue was mixed with 5 N hydro- 
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chloric acid (2.2 ml) and concentrated hydrochloric acid (0.22 ml) and vigorously stirred at room temperature for 3 
hours. The reaction solution was alkalified by adding sodium hydroxide aqueous solution, and the reaction product was 
extracted therefrom with ethyl acetate, washed with saturated brine and dried using anhydrous magnesium sulfate. The 
solvent was removed by evaporation from the organic layer under a reduced pressure, and the thus obtained material 
5 was separated and purified by a silica gel column chromatography to obtain 31 0 mg (2.2 mmol. 22% in yield) of the title 
compound. 

^H-NMR (CDCI3): 6 1.85 (1 H, brs). 2.65 - 2.68 (1 H, m). 3.12 (1 H. t, J = 5.8 Hz), 4.04 (2 H, S), 6.79 (1 H. d, J = 
4.9 Hz), 7.1 1 (1 H, d): MW 139.22 (C7H9NS); Mass spectrum EI-MS m/z 139 (M)^ 

^0 

Synthesis Example 49c fthe Inventive compound^ 2a-(4-f4.5.6.7-Tetrahvdro-th]enof2.3-c]pvridin-6-vlVbutyt)-2a.3.4.5« 
tetrahvdro'l H'benz[cd]indol-2'Qne 

[0220] This was synthesized by the same method of Synthesis Example 17c. except that 4,6.6.7-tetrahydro- 
15 thieno[2.3-c]pyrtdine was used instead of 4,5,6,7-tetrahydro-thieno[3,2-c]pyridirte (yield, 54%). 

^H-NMR (CDCI3): 8 1 .03 - 1.16 (1 H, m), 1.22 - 1.56 (4 H, m), 1.76 - 1,93 (3 H, m), 2.04 - 2.20 (2 H, m). 2.38 - 2.50 
(2 H, m). 2.60 - 2.72 (5 H, m). 2.79 - 2.89 (1 H, m). 3.66 (2 H, s). 6.66 (1 H. d. J = 7.6 Hz), 6.74 (1 H. d. J = 5.1 Hz), 
6.80 (1 H, d, J = 7.8 Hz). 7.06(1 H, d). 7.1 1 (1 H, dd). 7.32 (1 H, br s); MW 366.52 (CgaHaeNaOS); Mass spectrum 
20 EI-MS m/2 366 (M)+ 

Synthesis Example SOc fthe inventive compound^ 2a-f4-r2.3-Dimethyi>4.5.6.7-tetrahydrQ>thienQ[2.3.c) pyridin.S-yl)> 

butyi)-gft.3.4.S-tgtrahyclrp-lH-befiz[cdlin<tQl-3-png 

25 [0221] A mixture of 5-t-butoxycarbonyl-2,3-dimethyl-4,5,6,7-tetrahydro-thieno[3,2-c]pyridine with S-t-butoxycarbo- 
nyl-3HTiethyl-4,5,6,7-tetrahydro-thieno[3,2-c]pyridine was obtained by carrying out the same synthesis method of Syn- 
thesis Example 35c, except that 5-t-butoxycarbonyl-3-methyl-4,5,6,7-tetrahydro-thieno[3,2-c]pyridine was used instead 
of 5*t-butoxycarbony(-4,5.6,7-tetrahydro-thieno[3,2-c]pyridine. 

[0222] This mixture was dissolved in hydrochloric acid methanol solution and stined for two nights to effect depro- 
30 tection, thereby obtaining a mixture of 2.3-dimethyl-4,5,6,7-tetrahydro-thieno[3.2-c]pyridine with 3-methyl-4.5,6.7-tet^ 
rahydro-thteno[3,2-c]pyridine. 

[0223] The title compound was obtained (yield, 6.8%) by carrying out its synthesis by the same method of Synthe- 
sis Example 37c, except that the mixture of 2,3-dimethyl-4,5,6.7-tetrahydro-thieno[3,2-clpyridlne with 3-methyl-4,5,6,7- 
tetrahydro-thieno[3,2-c)pyrid!ne was used instead of 2-methyi-4,5,6,7-tetrahydro-thieno[3,2-c]pyridine. 

35 

^H-NMR (CDCI3): 5 1.03 - 1 .18 (1 H, m), 1 .23 - 1 .57 (4 H, m), 1.77 - 1 .94 (6 H, m), 2.03 - 2.19 (2 H. m), 2.27 (3 H, 
S). 2.38 - 2.50 (2 H. m). 2.60 - 2.90 (6 H. m). 3,30 (2 H. s). 6.66 (2 H, d, J = 7.3 Hz), 6.80 (1 H, d, J = 7.8 Hz). 7.11 
(1 H. dd), 7.19 (1 H.br s); MW 394.58 (C24H30N2OS); Mass spectrum EI-MS m/z 394 (Mf 

40 4. Synthesis examples of the compound (1) of the invention having group (d) or (e) and its production intermediate 

Synthesis Example Id 2a-(3-BrQmopropyn-2a.3.4.5-tetrahydro-1H-ben2[cd]indol-2'One 

[0224] 2a,3,4.5-Tetrahydro-1 H-benz[cdJindol-2-one (1 .0 g, 6.8 mmol) was dissolved in anhydrous N,N-dimethylfor- 
45 mamide (40 ml), and the solution was mixed with sodium hydride (230 mg, 6.8 mmol) and stin-ed at SO^^C for 1 hour The 
reaction solution was mixed with 1 ,3-dibromopropane (1 .8 ml, 17 mmol) and again stirred for 2 hours. The solvent was 
removed by evaporation under a reduced pressure, and ethyl acetate, water and hydrochloric acid (1 N) were added to 
the resulting residue. The reaction product was extracted with ethyl acetate, washed with saturated brine and then dried 
with anhydrous sodium sulfate, and the material obtained lay evaporating the solvent under a reduced pressure was 
50 separated and purified by a silica gel column chromatography to obtain 150 mg (0.51 mmol, 8.8% in yield) of the title 
compound. 

iH-NMR(CDCl3): 6 1.32 -1.44(1 H.m), 1.62-1.73(1 H, m). 1.81-2.03 (1 H. m). 2.08 - 2.22 (2 H. m), 2.62 -2.71 
(1 H. m), 2.83 - 2.92 (1 H. m). 3.24 - 3.34 (2 H, m). 6.69 (1 H. d, J = 7.6 Hz). 6.82 (1 H. d. J = 8.0 Hz). 7.13 (1 H, 
55 dd), 7.70 (1 H. brs); MW 294.19 (Ct4Hi6BrfsJO); Mass spectrum EI-MS m/z 293:295 = 1:1 (M)*^ 
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Synthesis Example 2d 2a>f4-Pentenvn-2a.3.4.5-tetrahvdrQ- iH>ben2fcd]indQl-2-Qne 



[0225] 2a,3,4,5-Tetrahydro-1 H-benz(cd]jndol-2-one (4.0 g, 23 mmol) was dissolved in anhydrous N.N-dimethy(for- 
mannide (100 ml), and the solution was mixed with sodium hydride (760 mg, 190 mmol) and stirred at O^C for 1 hour. 
5 The reaction solution was mixed with 1 -bromopentene (3.8 ml, 25 mmol) and stirred at -40*^0 for 2 hours. Ethyl acetate, 
water and hydrochloric acid (1 N] were added to the reaction solution. The reaction product was extracted with ethyl 
acetate, washed with saturated brine and then dried with anhydrous sodium sulfate, and the material obtained by evap- 
orating the solvent under a reduced pressure was separated and purified by a silica gel column chromatography to 
obtain 2.7 g (1 1 mmol, 49% in yield) of the title compound. 

10 

^H-NMR (CDCI3): 6 1.05 - 1 .22 (1 H, m), 1.31 - 1.47 (2 H, m), 1.73-1 .89 (3 H. m). 1 .89 - 2.01 (2 H. m). 2.06 - 2.19 
(2 H, m), 2.59 - Z69 (1 H, m). 2.79 -2.89 (1 H, m), 4.87 - 4.95 (2 H, m). 5.68 (1 H. m). 6.67 (1 H, d, J = 7.8 Hz). 6.80 
(1 H. d. J = 7.8 Hz), 7.1 1 (1 H. dd), 7.49 (1 H, br s): MW 241 .33 (CieHigNO); Mass spectrum EI-MS m/z 241 (M)* 

15 Synthesis Example 3d 2a-f3>FbmnvlpropylV2a.3.4.S-tetrahvdro-1H-benzfcd]lndol-2-one 

[0226] In a shaded container, 2a-(4-pentenyl)-2a,3,4,5-tetrahydro-1 H-ben2[cd]indol-2-one (1 .3 g, 5.3 mmol) and N- 
methylmorpholine oxide (1.9 g, 16 mmol) were dissolved in a mixed solvent of 1,4-dioxane (20 ml) with v^ter (10 ml), 
and the solution was mixed with osmium tetroxide (4% aqueous solution 3.4 ml, 0.53 mmol) and stirred at room tem- 

20 perature for 2 hours. The reaction solution was mixed with water (80 ml), the reaction product was extracted with ethyl 
acetate, washed with saturated brine and dried with anhydrous sodium sulfate, and then the solvent was removed by 
evaporation under a reduced pressure. The residue was dissolved in a mixed solvent of 1 .4-dioxane (20 ml) with water 
(1 0 ml), and the solution was mixed with sodium periodate (2.6 g, 1 2 mmol) and stirred as such for 2.5 hours. The reac- 
tion solution was mixed with water (1 00 ml), and the reaction product was extracted with ethyl acetate, washed with sat- 

25 urated brine and dried with anhydrous sodium sulfate. By evaporating the solvent from the extract under a reduced 
pressure, 1 .3 g (5.3 mmol, 100% in yield) of the title compound was obtained. 

^H-NMR(CDCl3):51.21 -1.50 (2 H, m), 1.55 - 1.70 (1 H,m), 1.75-1.91 (1 H, m), 2.06 -2,19 (2 H. m), 2.27 -2.42 
(2 H, m), 2.60 - 2.70 (1 H, m). 2.79 - 2.90 (1 H, m), 6.68 (1 H, d. J = 7,8 Hz), 6.81 (1 H, d, J = 7.8 Hz), 7.12 (1 H, 
30 dd), 7.66 (1 H, br s), 9.66 (1 H, s); MW 243.31 (C15H17NO2); Mass spectrum E\-MS m/z 243 (M)* 

Synthesis Example 4d Mndanol 

[0227] 1-lndanone (2.5 g, 1 9 mmol) was dissolved in ethanol (25 ml), and the solution was mixed with sodium boro- 
35 hydride (790 rrtg, 21 mmol) and stirred at room temperature for 3 hours. The reaction solution was mixed with ethyl ace- 
tate, washed with hydrochloric acid (1 N) and saturated brine and dried with anhydrous sodium sulfate, the solvent was 
removed by evaporation under a reduced pressure, and the thus obtained material was separated and purified by a sil- 
ica get column chroniatography to obtain 2.4 g (1 8 mmol, 93%) of the title compound. 

40 ^H-NMR(CDCl3): 6 1.74(1 H, brs), 1.91 -1.99(1 H, m), 2.45 - 2.54 (1 H, m). 2.78 - 2.86 (1 H, m), 3.03 - 3.10 (1 
H, m). 5.20 (1 H, brs), 7.22 - 7.27 (3 H, m), 7.42 (1 H, d, J = 5.6 Hz); MW 134.18 (C9H10O); Mass spectrum EI-MS 
m/2l34(M)+ 

Synthesis Example 5d 1-t-ButQxvcarbonyl-4-f1-indanyn-piperazrne 

45 

[0228] 1-lndanoi (2.3 g, 17 mmoO was dissolved in chloroform (25 ml), and the solution was mixed with thionyl chlo- 
ride (1 .4 ml, 1 9 mmol) and stirred at O^C for 30 minutes and then at room temperature for 30 minutes. The solvent was 
removed by evaporation from the reaction solution under a reduced pressure, and the thus obtained residue was mixed 
with t-butoxycarbonylpiperazine (3.1 g, 17 mmol), potassium carbonate (6.0 g. 48 mmol) and potassium iodide (2.8 g, 
so 17 mmol) and stirred overnight at 100°C in methyl ethyl ketone (100 ml). The reaction solution was mixed with water, 
the reaction product was extracted with ethyl acetate, washed with water and saturated brine and dried with anhydrous 
sodium sulfate, the solvent was removed by evaporation under a reduced pressure, and the thus obtained material was 
separated and purified by a silica gel column chromatography to obtain 3.6 g (12 mmol, 72%) of the title compound. 

55 ^H-NMR (CDCI3): 6 1.45 (9 H. s). 2.03 -2.10 (2 H, m). 2.39 - 2.51 (4 H, m), 2.78 -2.98 (2 H, m), 3,36 - 3.49 (4 H, 
m), 4.35 (1 H, dd, J = 6.8 Hz, 7.1 Hz). 7.17 - 7.23 (3 H. m), 7.32 - 7.36 (1 H, m); MW 302.42 (CiaHgeNgOg); Mass 
spectrum EI-MS m/z 302 (M)* 
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Synthesis Example 6d 1'(Mndanyl)-piperazine hydrochloride 

[0229J 1-t-ButoxycarbcnyM-(1-indanyl)pipera2]ne (2.4 g, 7.9 mmol) was dissolved in ethyl acetate (6 ml), and the 
solution was nnixed with hydrochloric acid-saturated nnethanol (20 ml) and stirred at room temperature for 5.5 hours. 
5 The solvent was removed by evaporation from the reaction solution under a reduced pressure, and the resulting residue 
was washed with diisopropyl ether and dried to obtain 2.2 g (7.9 mmol, 100%) 

^H-NMR (CDCI3): 52.38 • 2.50 (1 H, m), 2.88 - 3.00 (1 H, m), 3.10 - 3.76 (10 H. m). 5.03 (1 H. brs), 7.31 - 7.44 (3 
H. m), 7.83 (1 H. d, J = 7.3 Hz), 1 2.48 (1 H ,br s); MW 274.22 (C^aHigClgNg); Mass spectrum EI-MS m/z 202 (M)^ 

TO 

Synthesis Example 7d (the inventive compound^ 2a>(4W4-n-lndanyi)-p]Derazin-1-yl)butvh>2a.3.4.5-tetrahydro-1 H- 
benz[cd]indol-2'One 

[0230] 2a-(3-Formlpropyl)-2a,3,4,5-tetrahydro-1H-benz[cd]indol-2-one (210 mg, 0.90 mmol), 1 -(1 -indanyl)plpera- 
15 2ine hydrochloride (270 mg, 1 .0 mmol), acetic add (540 mg, 9.0 mmol) and sodium triacetoxyborohydride (380 mg, 1 .8 
mmol) were stirred at room temperature for 20 hours in 1 ,2-dichloro ethane (3 ml). The reaction solution was mixed with 
ethyl acetate (80 ml), washed with sodium hydroxide aqueous solution (1 N) and saturated brine and dned with anhy- 
drous sodium sulfate, the solvent was removed by evaporation under a reduced pressure, and the thus obtained mate- 
rial was separated and purified by a silica gel column chromatography to obtain 430 mg (1.0 mmol, 100% in yield) of 
20 the title compound. 

^H-NMR (CDCIa): 5 1 .00 - 1 .1 1 (1 H, m), 1 .24 - 1 .52 (4 H, m). 1 .72 - 1 .88 (3 H, m), 2.04 - 2.1 6 (4 H, m), 2.22 - 2.68 
(11 H. m), 2.75 - 2.96 (3 H, m), 4.32 - 4.35 (1 H. m), 6.65(1 H.d, J = 7.8 Hz). 6.80 (1 H. d, J = 7.8 Hz), 7.1 1 (1 H, 
dd), 7.15 • 7.22 (3 H. m), 7.28 - 7.36 (2 H, m); MW 429.61 (C28H35N3o):Mass spectrum EI-MS m/z.429 (M)* 

25 

[0231] By dissolving the thus obtained free compound in hydrochloric acid-saturated methanol, its hydrochloride 
was obtained. 

MW 441.02 (C28H37CI2N3O); Mass spectrum EI-MS m/z 429 (M - 2HCI)"*- 

30 

Synthesis Example 8d 1-t'Butoxvcart3onvl-4>M.2.3.4-tetrahvdro naphthalen-1-yl)piperazine 

[0232] This was synthesized by the same method of Synthesis Example 5d, except that 1 ,2,3.4-tetrahydro-1 -naph- 
thol was used instead of 1-lndanol (yield, 85%). 

35 

^H-NMR (CDCI3): 6 1.45 (9 H. S), 1.61 - 1.71 (2 H. m), 1.89 - 2.02 (2 H, m). 2.40 - 2.48 (2 H. m), 2.52 ■ 2,60 (2 H. 
m). 2.67 - 2.82 (2 H. m). 3.3B - 3.50 (4 H, m), 3.80 - 3.86 (1 H, m), 7.04 - 7.07 (1 H, m), 7.1 0 • 7.1 8 (3 H, m), 7.68 
- 7.70 (1 H, m); MW 316.44 (C,9H28N202); Mass spectrum EI-MS m/z 31 6 (M)* 

40 Synthesis Example 9d 1-(1 .2.3.4-Tetrahydronaphthalen-1-yl^pipera2ine 

[0233] This was synthesized by the same method of Synthesis Example 6d. except that 1-t-butoxycarbonyM- 
(1,2,3,4-tetrahydronephthalen-1-yl)plperazine was used instead of 1-t-butoxycarbonyl-4-(1-indanyt)piperazine (yield, 
61%). 

45 

^H-NMR (CDCI3): 5 1 .62 - 1 .76 (2 H, m). 1 .90 - 2.03 (2 H, m), 2.44 - 2.52 (2 H, m). 2.58 - 2.65 (2 H. m), 2.70 - 2.85 
(2 H, m), 2.85 - 2.94 (4 H, m), 3.75 - 3.80 (1 H, m), 7.04 (1 H. d, J = 7.3 Hz), 7.09 - 71 7 (3 H, m), 7.70 (1 H, d. J = 
7.3 Hz): MW 21 6.33 (Ci4H2oN2);Mass spectrum Ei-MS m/^ 216 (M)"^ 

so Synthesis Example I0d (the inventive compound^ 2a>(4-f4-f1.2 3 A- Tetrahydronaphthalen-l-yiypiperazin-l-yhbutyiy 
2a.3.4.5-tetrahvdro-1H-benzrcd]indol-2-Qne 

[0234] This was synthesized by the same method of Synthesis Example 7d, except that 1 -{1 .2.3,4-telrahydronaph- 
thalen-l-yl)piperazine was used instead of 1-(lHndanyl)piperazine hydrochloride (yield, 91%). 

55 

^H-NMR (CDCI3): 5 1,00 - 1.12 (1 H, m). 1.23 - 1.50 (4 H. m). 1.63 - 1.71 (2 H. m). 1,71 - 1.88 (3 H. m). 1.88 - 2.02 
(2 H, m). 2.03 - 2.15 (2 H, m), 2.18 - 2.30 (2 H. ), 2.30 - 2.53 (6 H. m). 2.53 - 2.88 (6 H. m). 3.74 - 3.82 (1 H. m). 
6.66 (1 H, d. J = 7.6 Hz). 6.80 (1 H, d, J = 7,8 Hz), 7.01 - 7.15 (4 H. m), 7.37 (1 H. br s). 7.65 (1 H. d, J = 7.1 Hz); 
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MW 443.63(029^37^30); Mass spectrum El-MS nVz 443 (M)* 
Synthesis Example 11d4-ThiQchrnmannl 

5 [0235] This was synthesized by the same method of Synthesis Example 4d. except that 4-thlochromanone was 
used instead of 1 -indanone (yield. 94%). 

'*H-NMR(CDCl3): 5 1.98(1 H, br S), 2.00 - 2.08 (1 H, m), 2.28 - 2.35 (1 H, m). 2.81 - 2.87 (1 H. m), 3.30 (1 H dt J 
= 2.9 Hz, 12 HZ). 4,76 • 4.78 (1 H, m), 7.03 - 7.07 (1 H, m). 7.10 - 7.17 (2 H, m), 7.29 -7.33 (1 H. m); MW 166.24 
w (CgHtoOS); Mass spectrum EI-MS m/2 1 66 (M)^ 

Synthesis Exa mple 12cl 1>t-Butoxvcart)onvl-4^thiQchrofnanvnDiDera7inft 

[0236] This was synthesized by the same method of Synthesis Example 5d, except that 4^hromanol was used 
15 instead of 1-indanol (yield. 79*;/o). 

^H-NMR (CDCI3): 8 1.45 (9 H. s). 2.05 - 2.12 (1 H, m), 2.15 - 2.24 (1 H. m). 2.32 - 2.40 (2 H, m), 2 51 - 2 64 (2 H 
br s). 2.97 - 3.05 (1 H. m), 3.1 3 - 3.21 (1 H. m), 3.36 - 3.48 (4 H, m), 3.62 (1 H, dd. J 3.6 Hz, 8.0 Hz) 6 99 - 7 04 
(1 H. m), 7.09 - 7.1 1 (2 H, m). 7.43 - 7.45 (1 H, m); MW 334.48 (CieHgeNgOgS); Mass spectrum EI-MS m/z 334 
20 (M) 

Synthesis Example 13d 1-(4-ThiQchromanvl)pi pera?in6 hy dmrhlftririg 

[0237] This was synthesized by the same method of Synthesis Example 6d, except that 1 -t-butoxycart)onyl-4-(4. 
25 thiochromanyl)piperazine was used instead of 1 -t-butoxycarbonyl-4"(l -indanyl)piperazine (yield, 79%). 

MW 307.28 (CiaH^oClgNaS): 

Mass spectrum EI-MS nn/z 235 (M - 2HCI + H)* 



30 



Synthesis Example 14c1 (the inventive compound^ ga-r4.f 4-f4ThiQchrQmqnvn-DiDera2in-l>vhbutvl) -gfl a ,4 fi.tet« 
drO'1 H-benzfcdymdQl-2-Qnp 

[0238] This was synthesized by the same method of Synthesis Example 7d, except that 1-(4-thiochromanyl)piper- 
azine hydrochloride was used instead of 1 -(1 -indanyl)piperazine hydrochloride (yield, 79%). 

^H-NMR (CDCI3): 6 1.09 ^ 1.12 (1 H, m), 1 .24 - 1.46 (4 H. m). 1 .72 - 1.90 (3 H. m), 2.00 - 2.14 (3 H. m) 2 14 - 2 30 
(3 H, m). 2.39 (6 H. br s). 2.56 - 2.68 (3 H, m), 2.78 - 2.87 (1 H, m). 2.95 - 3.02 (1 H, m). 3.13 - 3.20 (1 H. m) 3 56 
(1 H. dd, J = 3.4 Hz, 8.0 Hz). 6.66 (1 H. d. J = 7.5 Hz). 6.80 (1 H. d. J = 7.8 Hz), 6.97 - 7.02 (1 H, m). 7.06 - 7 13 (3 
H, br s). 7.41 (2 H, m); MW 461 .67 (C28H35N3OS); Mass spectrum EI-MS m/z 461 (M)* 

Synthesis Example i5d4-ChromanQl 

[0239] This was synthesized by the same method of Synthesis Example 4d. except that chromanone was used 
instead of 1 -indanone (yield, 1 00%). 

'H-NMR (CDCI3): 8 1.96 - 2.02 (1 H. m), 2.05 - 2.13 (1 H. m). 2.15 (1 H, d. J = 4.4 Hz). 4.20 - 4 28 {2 H m) 4 74 
(1 H. dd, J = 4.4 Hz, 8.5 Hz), 6.83 (1 H, dd, J = 1.2 Hz, 8,3 Hz), 6.90 (1 H, dt, J = 1.2 Hz. 7.6 Hz) 7 16 - 7 23 (1 H 
m). 7.28 (1 H. dd. J = 1 .7 Hz, 7.6 Hz); MW 150.1 8 [C^H^oOz): Mass spectrum EI-MS m/z 150 (M)* 

Synthesis Fxample 16d 1-r-RiifnxvcaitiQnyl.A-( 4 ^hromanvhp» pera7inft 

I0240J This was synthesized by the same method of Synthesis Example 5d, except that 4-chromanol was used 
instead of 1-indanol (yield. 58%). 



35 



40 



45 



55 



H-NMR (CDCI3): 5 1 .46 (9 H. s). 1 .89 - 1 .97 (1 H. m), 2.01 • 2. 1 1 (1 H, m), 2.38 - 2.48 (2 H, br s) 2 53 - 2 65 (2 H 
br s), 3.37 - 3.48 (4 H. m), 3.85 - 3.90 (1 H, m). 4.09 - 4.17 (1 H. m), 4.32 - 4.38 (1 H, m). 6.79 (1 H, dd. J = 1 2 Hz' 
8 2 HZ). 6.88 (1 H. dt. J = 1.2 Hz. 7.3Hz). 7.10 - 7.15 (1 H. m), 7.46 - 7.50 (1 H. m); MW 318.42 [C.sHoet^^.); 
Mass spectrum EI-MS m/z 318 (M)*^ * ^ 
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Synthesis Example 17d 1-(4-Chromanyl)pipera2ine hydrochloride 



[0241] This was synthesized by the same method of Synthesis Example 6d, except that 1 -t-butoxycart)onyl-4- 
(chromanyl)pipera2ine was used instead of Vt-butoxycarbonyl-4-(1-indanyl)piperazine (yield, 50%), 

5 

MW 291 .22 (C13H20CI2N2O); Mass spectrum EI-MS nVz 218 (M - 2HCir 

Synthesis Example I8d fthe inventive compound^ 2a-f4-(4-f4-Chromanyn-pipera2in'l-ynbiityh-2a.3.4>5-tetranydro-1 H- 
benz[cdlin0ol-2-onQ 

10 

[0242] This was synthesized by the same method of Synthesis Example 7d, except that 1 -(4-chromanyl)piperazine 
hydrochloride was used instead of 1-(1-indanyl)pipeFazine hydrochloride (yield, 75%). 

^H-NMR (CDCI3): 6 1.00 - 1 .11 (1 H, m), 1.23-1 .48 (4 H, m), 1.73 - 1.95 (4 H, m), 2.03 - 2.15 (3 H, m), 2.17 - 2.30 
75 (2 H, m), 2.30 - 2.55 (6 H. m), 2.57 - 2.68 (3 H, m), 2,79 - 2.90 (1 H, m), 3.81 (1 H, dd, J = 5.5 Hz, 8.5 Hz), 4.07 - 

4.16 (1 H, m). 4.29 - 4.38 (1 H. m), 6.67 (1 H, d. J = 7.6 Hz). 6.76 (1 H, d, J = 8.3 Hz), 6.79 (1 H. d. J = 7.8 Hz), 6.85 
(1 H. dd. J = 7.3 Hz, 7.6 Hz), 7.10 (2 H. m). 7.44 (1 H. d). 7.93 (1 H, s); MW 445.60 (C2BH35N3O2): Mass spectrum 
EI-MS m/z 446 (M)+ 

20 Synthesis Example I9d 6.7.8.9-TetrahvdrQ-5H-benzocvcloh6pten-S-ol 

[0243] This was synthesized by the same method of Synthesis Example 4d. except that 1 -benzosuberone was 
used instead of 1 *indanone (yield. 92%). 

25 ^H-NMR (CDCI3): 6 1.49 - 1 .64 (2 H. m). 1.78 - 1.84 (2 H, m), 1.94 - 2.14 (2 H, m). 2.69 - 2.80 (1 H, m). 2.89 - 2.95 
(1 H, m). 4.93 - 4.96 (1 H, m). 7,09 • 7.23 (3 H, m), 7.44 (1 H, d, J = 7,3 Hz); MW 1 62.23 (Ct,Hi40); Mass spectrum 
EI-MS nrt/2 162 (M)+ 

Synthesis Example 20d 1-t-Butoxycafbonyl-4-(67.a.9-tetrahvdrO'SH-benzocyclohepten-5-yl)piperazine 

[0244] This was synthesized by the same method of Synthesis Example 6d, except that 6,7,8,9-tetrahydro-5H-ben- 
zocyclohepten-5-ol was used instead of l-indanol (yield, 31%). 

^H-NMR (CDCI3): 6 1 .33 - 1.50 (10 H, m), 1.60 - 1.70 (2 H, m), 1.89 - 1.98 (1 H. m). 2.02 • 2,20 (4 H. m). 2.34-2.52 
35 (3 H. m), 3.15 (1 H, d. J = 6.1 Hz). 3.31 - 3.35 (5 H. m),7.04 - 7.22 (4 H, m); MW 330.47 (CgoHaoNgOg); Mass spec- 
trum EI-MS m/z 330 (M)* 

Synthesis Example 21 d fthe Inventive compound) 2a-f4'<4-(6.7.8.9'Tetrahydro-SH-benzocyclohepten-5>viVDiperazln- 

1 -yl)butyl)'2a.3.4.5-tetrahydro-1 H-benz[cd]indol>2-one 

[0245] 1-t-ButoxycarbonyM-(6.7,8,9-tetrahydro-5H-benzocycIohepten-5-y))piperazine {340 mg. 1.0 mmol) was 
dissolved in 1 0% hydrochloric acid methartol (4 ml) and stin-ed at40''C for 3.5 hours. The solvent was removed by evap- 
oration under a reduced pressure, and the thus obtained residue was mixed with 2a-(4-bromobutyl)-2a.3,4,5-tetrahy- 
dro-1H-benz[cdJindo(-2-one (310 mg, 1.0 mmol) and potassium carbonate (490 mg, 3.5 mmol) and stirred overnight at 

45 room temperature in N,N-dimethylformamide (3 ml). This was mixed with water, the precipitate was collected by filtra- 
tion and then the reaction product was extracted from the mother liquid with ethyl acetate. The extract was washed with 
water and saturated brine and dried with anhydrous sodium hydrogensuKate, the solvent was removed by evaporation 
under a reduced pressure, and the thus obtained material was separated and purified by a silica gel column chroma- 
tography. The thus purified compound was combined with the aforementioned precipitate and thoroughly washed with 

50 ethyl acetate to obtain 370 mg (0.81 mmol, 80%) of the title compound. 

^H-NMR (CDCI3): 6 0.97 - 1 . 1 0 (1 H, m), 1 .21 - 1 .50 (5 H. m), 1 .71 - 1 .93 (4 H, m), 1 .93 - 2.69 (1 6 H, m). 2.78 -2.88 
(1 H, rh). 3.14(1 H,d.J = 5.8 Hz), 3.46 (1 H.t. J = 7.8 Hz), 6.67 (1 H. d, J=:7.B Hz). 6.79 (1 H. d. J=:7.6 Hz). 7.02 
- 7.12 (5 H, m), 7.84 - 7.88 (1 H, m); MW 457.66 (C30H39N3O): Mass spectrum EI-MS m/z 457 (M)^ 

55 

Synthesis Example 22d 9-Bromo-6.7.8.9-tetrahydrobenzocyclohepten ' 5-one 

[0246] 1 -Benzosuberone (960 mg, 6.0 mmol), N-bronnosuccintc acid imide (1 .1 g, 6.3 mmol) and azobisisobutyroni- 
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trile (99 mg, 0.60 mmol) were stirred overnight at SO^'C in carbon tetrachloride (8 ml). The reaction solution was mixed 
with chloroform (60 ml), washed with saturated sodium bk»rt>onate aqueous solution and saturated brine and dried 
with anhydrous sodium sulfate, the solvent was removed by evaporation under a reduced pressure, and the thus 
obtained material was separated and purified by a silica gel column chromatography to obtain 770 mg (3.2 mmol. 54%) 
5 of the title compound 

^H-NMR(CDCl3): 51.98 -2.11 (2H.m). 2.22 -2.35 (2 H. m). 2.45 - 2.54 (1 H. m). 2.70 - 2.76 (1 H, m). 3.18-3.26 
(1 H, m), 5.57 (1 H. dd. J = 2.4 Hz. 6.0 Hz), 7.36 - 7.47 (3 H, m). 7.60 (1 H. d, J = 7.6 Hz); MW 239.1 1 (C^^H^ lOBr); 
Mass spectrum FAB m/z 239:241 = 1 :1 (M + H)*- 

10 

Synthesis Example 23d i-t-Butoxvcarbonvl-4-(9-Qxo-6.7.8.9-tetrahvdrQ-SH-ben2QcyclbheDten'S-vnDiperazine 

[0247] 9-Bromo-6,7.8,9-tetrahydroben20cyclohepten-5-one (590 mg, 2.5 mmol),1 -t-butoxycarbonylpiperazine (500 
mg, 2,7 mmol) and potassium carbonate (510 mg, 3.7 mmol) were stirred overnight in DMF. The reaction solution was 
15 mixed with water, the reaction product was extracted with ethyl acetate, washed with water and saturated brine and 
dried with anhydrous sodium sulfate, the solvent was removed by evaporation under a reduced pressure, and the thus 
obtained material was separated and purified by a silica get column chromatography to obtain 450 mg (1 .3 mmol, 53%) 
of the title compound. 

20 ^H-NMR (CDCI3): 5 1 .40 - 1 .50 (1 0 H. m), 1 .64 - 1 .98 (3 H. m), 2.08 - 2. 1 5 (2 H, m). 2.20 - 2.64 (3 H. m), 2.84 - 2.93 
(2 H. m), 3.20-3.42 (5 H, m). 7.24 - 7.48 (4 H, m); MW 344.46 (CgoHaeNaOa); Mass spectrum EI-MS m/z 344 (M)* 

Svnthesis Example 24d (the inventive compound) 2a-(4-f4-(9-Oxo-6.7.8.9-tetrahydrQ-5H-benzocvcloheDten-5-yn-Dip> 
erazin-1-ynbutvn-2a.3.4.5-tetrahydro-1H'benz[ cd ]indol-2-ono 

25 

[0248] This was synthesized by the same method of Synthesis Example 21 d, except that 1 -t-butoxycarbonyl-4-(9- 
oxo-6,7,8,9-tetfahydro-5H-benzocyclohepten-5-yl)piperazine was used instead of l-t-butoxycarbonyl-4-(6,7,8.9-tet- 
rahydro-5H-ben2ocyclohepten-5-yl)piperazlne (yield, 81 %). 

30 ^H-NMR (CDCI3): 5 0.93 - 1 .08 (1 H, m), 1 .20 - 1 .40 (5 H, m), 1 .55 - 1 .90 (6 H. m). 2.00 - 2.70 (1 4 H. m), 2.75 - 2.92 
(2 H, m), 3.27 - 3,35 (1 H. m), 6.65 (1 H, d, J = 7.8 Hz). 6.79 (1 H, d, J = 7.6 Hz), 7.10 (1 H. dd). 7.23 - 7.45 (8 H, 
m); MW 471 .65 (C30H37N3O2): Mass spectrum El-MS m/z 471 (M)+ 

Synthesis Examp l e 25d 7-Methoxy-1.2.3.4>tetrahydrQ-1-naphthol 

35 

[0249] This was synthesized by the same method of Synthesis Example 4d, except that 7-methoxytetralone was 
used instead of inndanone (yield, 97%). 

^H-NMR (CDCI3): 8 1 .70 - 2.03 (4 H. m). 2.61 - 2.80 (2 H. m). 3.80 (3 H, s), 4.74 (1 H, dd, J = 6.1 Hz, 1 0.7 Hz), 6.78 
40 (1 H, dd. J = 2.7 Hz. 8.4 Hz), 6.98 - 7.04 (2H. m); MW 178.23 {C^^yi•^^02)\ Mass spectrum EI-MS m/z 178 (M)* 

Svnthesis Example 26d 1-t-Butoxvcart)onyl-4-(7-methQxy-1.2.3.4-tetrahvdronaDhthalen-1-vl)-pipera2ine 

[0250] This was synthesized by the same method of Synthesis. Example 5d, except that 7-methoxy-1 ,2,3.4-tetrahy- 
45 dro-1 -naphthol was used Instead of 1 -indanol (yield, 85%). 

^H-NMR (CDCI3): 5 1.46 (9 H, s), 1.56 - 1,68 (2 H, m, 1.91-1 .99 (2 H, m). 2.40 - 2.48 (2 H. m). 2.54 - 2.61 (2 H, 
m). 2.64 - 2.70 (2 H. m). 3.37 - 3.49 (4 H, m). 3.78 - 3.83 (4 H. m), 6.71 (1 H. dd. J = 2.9 Hz, 8.3 Hz), 6.97 (1 H, d), 
7.32 (1 H, d): MW 346.47 (C20H30N2O3): Mass spectmm EI-MS m/z 346 (M)* 

so 

Svnthesis Example 27d (the inventive compound^ 2a.M-f4-f7-MethQx y.i .2.3.4-tetrahvdronaDhthalen -l -ylVpiperazin- v 
vl)butvl>-2a.3.4.5-tetfahydro-1H-ben2fcd)indQl-^-one 

[0251] This was synthesized by the same method of Synthesis Example 21 d, except that 1 -t-butoxycarbonyl-4-(7- 
55 methoxy-1,2,3,4-tetrahydronaphthalen-l.yl)pipera2ine was used instead of 1-t-buloxycarbonyl-4-(6,7,8,9-tetrahydro- 
5H-benzocyclohepten-5-yl)piperazine (yield, 95%). 

^H-NMR (CDCI3): 50.99 - 1,11 (1 H. m). 1.25 - 1.48 (4 H, m). 1.55 - 1.68 (2 H. m). 1.75 - 2.00 (5H, m), 2.04 - 2.18 
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(2 H, m). 2.1 8 - 2.31 (2 H. m), 2.31 - 2.71 (1 1 H, m). 2.79 - 2.89 (1 H. m), 3.73 • 3.77 (4 H. m), 6.68 - 6.70 (2 H. m), 
6.79 (1 H. d. J = 7.8 Hz), 6.95 (1 H. d, J = 8.5 Hz), 7.10 (1 H, dd). 7.28 (1 H, d. J = 2.7 Hz). 8.44 (1 H, br s); MW 
473.66 (C30H29N3O2); Mass spectrum EI-MS m/z 473 (M)^ 

5 Synthesis Example 2Bd 5.6.7.8-TetrahvdroQuinaline N-oxide 

[0252] 5,6,7,8-Tetrahydroqulnoline (2.5 g. 19 mmol) was dissolved in 30% hydrogen peroxide aqueous solution (4 
ml) and acetic acid (7.5 ml) and stin-ed at 90°C for 6.5 hours. This was further mixed with hydrogen peroxide aqueous 
solution (4 ml) and stirred overnight. The solvent was removed by evaporation from the reaction solution under a 
10 reduced pressure, the resulting residue was neutralized by adding sodium cart>onate aqueous solution and then the 
reaction product was extracted with chloroform, washed with saturated brine and dried with anhydrous sodium sulfate, 
subsequently evaporating the soh^ent under a reduced pressure. Diethyl ether was added to the thus obtained residue, 
and the thus precipitated crystals were collected by filtration, washed thoroughly with diethyl ether and then dried to 
obtain 1 .9 g (13 mmol, 67%) of the title compound. 

15 

^H-NMR (CDCI3): 5 1 .74 - 1 .80 (2 H, m), 1 ,88 - 1 .94 (2 H. m). 2.77 (2 H, t, J = 6.3 Hz), 2.94 (2 H, t, J = 6.6 Hz). 6.99 
- 7.05 (2 H, m). 8.13 (1 H. d. J = 5.8 Hz); MW 149.19 (CgH^iNO); Mass spectrum TSP m/z 150. (M + H)* • 

Synthesis Example 29d 8-Acetoxy-5.6.7.8'tetrahydrQquinoline 

20 

[0253] 5.67.8-Tetrahydroquinoline N;0xlde (1 .6 g. 11 mmol) was mixed with acetic anhydride (9.2 ml) and stirred 
at 90*^0 for 7 hours. After removing the solvent by evaporation under a reduced pressure, the residue was neutralized 
with sodium hydroxide aqueous solution (1 N) and the reaction product was extracted with chloroform. The extract was 
washed with saturated brine and dried with anhydrous sodium sulfate, and then the solvent was removed by evapora- 
25 tion under a reduced pressure and the thus obtained material was separated and purified by a silica gel column chro- 
matography to obtain 690 mg (3.6 mmol, 33%) of the title compound. 

^H'NMR (CDCI3): 5 1.80 - 2.00 (2 H, m), 2.01 - 2.20 (5 H, m), 2.71 - 2.81 (1H. m), 2.83 - 2.91 (1 H, m), 5.98 (1 H. 
t, J = 4,6 Hz), 7.16 (1 H. dd. J = 4.7 Hz, 7.8 Hz). 7.45 (1 H, d), 8.49 (1 H, d); MW 191.23 (CnHiaNOg); Mass spec- 
30 trumJSPm/z 192(M + H)* 

Synthesis Example 30d 8-Hydroxy-5.6.7.B-tetrahydroquinQnne 

[0254] 8-Acetoxy-5,6,7,8-tetrahydroquinoline (630 mg, 3.3 mmol) was mixed with 10% hydrochloric acid aqueous 
.35 solution and stinted overnight while heating under reflux. After returning to room temperature, this was neutralized with 
sodium hydroxide aqueous solution and the reaction product was extracted with chloroform. The extract was washed 
with saturated brine and dried with anhydrous sodium sulfate. and then the solvent was removed by evaporation under 
a reduced pressure to obtain 490 mg (3.3 mmol, 1 00%) of the title compound. 

40 ^H-NMR (CDCI3): 5 1.78 - 1.88 (2 H, m), 1.90 - 2.10 (1 H. m), 2.20 - 2.35 (1 H. m). 2.74 - 2.89 (2 H. m), 4.1 1 (1 H, 
br s), 4.49 - 4.74 (1 H, m), 7.12 (1 H, dd. J = 4.6 Hz. 7.8 Hz), 7.41 (1 H, d), 8.41 (1 H, d); MW 149.19 (C9H11NO); 
Mass spectrum EI-MS m/z 149 {M)+ 

Synthesis Example 31 d 1-t-ButoxycarbonvM-(S.6.7.8'tetrahvdroquinotin-e-vn-piperazine 

45 

[0255] This was synthesized by the same method of Synthesis Example 5d. except that 8-hydroxy-5,6,7,8-tetrahy- 
droquinoline was used instead of 1 -indanol (yield. 59%). 

^H-NMR (CDCI3): 5 1.45 (9 H, s). 1.92 - 2.04 (4 H. m). 2.46 - 2,58 (4 H. m). 2.65 - 2.74 (1 H, m), 2.78 ■ 2.86 (1 H. 
SO m), 3.36 - 3,50 (4 H. m). 3.88 (1 H. t. J = 6.3 Hz). 7.07 (1 H, dd, J = 4.9 Hz. 7.7 Hz), 7.37 (1 H, d). 8.48 (1 H, d); MW 
317.43 (C,8H27N302): Mass spectrum TSP m/z 318 (M + H)* 

Synthesis Example 32d (the inventive compound^ 2a-(4-(4-(S.6.7.8'TetrahvdroQuinolin-8-ylVpiDerazin-1-vhbutvlV 
2a.3.4.5-tetrahvdro-1H-benzfcd1indol-2-one 

55 

[0256] This was synthesized by the same method of Synthesis Example 21 d. except that 1-t-butoxycarbonyl-4- 
(5,6.7,8-tetrahydroquinorm-8-yl)piperazine was used instead of 1-t-butoxycarbonyl-4-(6,7.8.9-tetrahydro-5H-benzocy- 
ciohepten-5-yl)piperazine (yield. .81%). 
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^H-NMR (CDCIg): 50.96 - 1,09 (1 H, m). 1.22 - 1.47 (4 H, m), 1.61 - 2.17 (10 H. m), 2.17 - 2.30 (2 H, m). 2.30 - 2.73 
(9 H, m), 2.73 - 2.89 (2 H. m). 3.85 (1 H. dd, J = 6.8 Hz; 6.8 Hz). 6.65 {1 H, d. J = 7.8 Hz). 6.78 (1 H. d, J = 7.8 Hz), 
7.05 (1 H, dd, J = 4.6 Hz, 7.6 Hz), 7.09 (1 H. dd), 7.35 (1 H. d). 7.88 (1 H, d), 8.44 - 8.46 (1 H, m); MW 444.62 
(C28H36N4O); Mass spectrum EI-MS m/z 444 (M)* 

[0257] By dissolving the thus obtained free compound in hydrochloric acid-saturated methanol, rts hydrochloride 
was obtained. 

MW (C28H39CI3N4O) 554.00; Mass spectrum EI-MS rrVz 444 (M - 3HCI) 
Synthesis E)^ample 33d 5,6.7.8-T^trahydrQisoqu|aorme N-oxide 

[0258] This was synthesized by the same method of Synthesis Example 28d. except that 5,6,7,8-tetiBhydroisoqui' 
noline was used instead of 5,6,7,8-tetrahydroquinoline (yield, 53%). 

^H-NMR (CDCI3): 5 1.77 -1.86 (4H, m), 2.65 - 2.80 (4 H, m), 6.96 (1 H, d, J = 6.6 Hz), 7.93 - 8.00 (2 H, m); MW 
149.19 (CgH,, NO); Mass spectrum EI-MS m/z 149 (M)* 

Synthesis Example 34d 5-Acetoxy-5.6.7.8-tetrahvdroisoquinonne 

[0259] This was synthesized by the same method of Synthesis Example 2gd, except that 5,6,7.8-tetrahydroisoqui- 
noline N-oxide was used instead of 5.6.7,8-tetrahydroquinoline N-oxide (yield. 40%). 

^H-NMR {CDCI3): 5 1.80 - 2.20 (7 H. m), 2.70 • 2.80 (1 H, m), 5.93 (1 H, t. J = 54 Hz), 7.16 (1 H, d. J = 5.1 Hz). 
8.38 - 8.42 (2 H, m); MW 191.23 (C11H13NO2); Mass spectrum EI-MS m/z 191 (M)* 

Synthesis Example 35d 5-Hydroxy'5.6.7.8-tetrahydrolsoQulnoline 

[0260] This was synthesized by the same method of Synthesis Example 30d, except that 5-acetoxy-5,6,7,8-tetrahy- 
droisoqulnoRne was used instead of 8-acetoxy-5,6,7,8-letrahydroqu]ncline (yield. 100%). 

"■H-NMR (CDCI3): 5 1.80-1.87 (2 H. m), 1.97-2.07 (1 H. m). 2.08-2.18 (1 H, m), 2.55 (1 H, brs), 2.70 - 2.84(2 
H, m). 4.74 (1 H, brs), 7.39 (1 H. d, J = 51 Hz). 8.33 (1 H. m). 8.38 (1 H, d); MW 149.19 (CgH-nNO); Mass spec- 
trum EI-MS nn/z 149 (M)* 

Synthesis E xample 36d l-t'ButQxvcarbonvl-4-(5.6.7.8-tetrahydroisoquinQlin-S-yh-piperazlne 

[0261] This was synthesized by the same method of Synthesis Example 30d. except that 5-hydroxy-S,6,7.8-tetrahy- 
droisoquinoline was used instead of 8-hydroxy-5,6,7.8-tetrBhydroquinoline. 

"•H-NMR (CDCI3): 6 1 .46 (9 H, m), 1 .59 - 1 .75 (2 H. m), 1 .95 - 2,09 (2 H. m). 2.41 - 2.57 (2 H. m), 2.69 - 2.78 (2 H, 
m). 3.38 - 3.50 (4 H, m), 3,78 - 3.83 (1 H. m). 7.61 (1 H. d. J = 5.1 Hz). 8.32 (1 H, s). 8.36 (1 H. d); MW 317.43 
(C,eH27N302);Mass spectrum EI-MS m/z 31 7 (M)* 

Synthesis Example 37d (the inventive compound^ 2a-M-f4W5.6.7.8- TetrahvdrQisoQuinolin-5-yl)-p1perazin-1-yl)butvi)- 
2a.3.4.5-tetrahydro-1H-benz[cdlindol-2-Qne 

[0262] This was synthesized by the same method of Synthesis Example 21 d, except that 1 -t-butoxycarbonyl-4- 
(5,6,7,8-tetrahydroisoquinorm-5-yl) piperazine was used instead of i-t-butoxycarbonyl-4-(6.7.B,9-tetrahydro-5H-benzo- 
cyclohepten-5-yl)piperazine (yield, 59%). 

^ H-NM R (CDCI3): 5 1 .00 - 1 . 1 1 (1 H. m). 1 ,23 - 1 .46 (1 H . m). 1 .60 - 1 .90 (7 H, m). 1 .94 - 2.1 8 (3 H, m). 2.1 8 - 2.77 
(12 H, m), 2.77-2.89 (1 H. m), 3.74 - 3.77 (1 H. m). 6.66 (1 H, d, J = 7.6 Hz). 6.80 (1 H, d, J = 7.B Hz), 7.11 (1 H. 
dd), 7.31 (1 H, brs), 7.31 (1 H, br s). 7.57 (1 H, d, J = 5.1 Hz), 8.29 (1 H, s), 8.33 (1 H. d); MW 444.62 (C28H36N4O): 
Mass spectrum EI-MS m/z 444 (M)* 
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Synthesis Example 38d 4-(1-Hydroxy>1.2.3.4-tetrahvdronaDhthalen-1-yl).pyridine 

[0263] Ether solution (50 ml) of 4-bromopyridine (3.2 g. 20 mmol) was cooled using a dry ice-acetone mixture. 1 ,6 
M Butyl lithium hexane solution (16 ml, 26 mmoi) was added dropwise to the solution in small portions, and stinred for 

s 30 minutes after completion of the dropwise addition. The reaction solution was mixed with a-tetralone (3.3 g, 23 mmol), 
returned to room temperature spending 20 minutes and then stirred for 2 hours. Ethyl acetate (100 ml) and water (50 
mO were added to the reaction mixture, and the ethyl acetate layer was separated, washed with water and dried with 
anhydrous sodium sulfate. The ethyl acetate solution was concentrated under a reduced pressure, diisopropyl ether (30 
ml) was added to the resulting residue and then the thus precipitated crystals were collected by filtration to obtain 1.7 

70 g (7.3 mmol, 37% in yield) of the title compound. 

^H-NMR (CDCI3): 8 1.85 (1 H, m), 2.04 (2 H. m), 2.14 (1 H. m), 2.42 (1 H, br s), 2.91 (2 H, m), 6.93 (1 H. dd. J = 
1.0 Hz. 7.8 Hz), 7.12 (1 H, t, J = 6.8 Hz). 7.21 (2 H, m). 7,27 (1 H. dd. J = 1.6 Hz. 4.5 Hz). 8.51 (1 H, dd, J = 1.6 Hz. 
4.5 Hz); MW 225,29 (C15H15NO); Mass spectrum EI-MS m/z 225 (M)* 

15 

Synthesis Example 39d 1-n.2.3.4.-TetrahvdrQnaphthQien-1-yh-piperidlne hydrochloride 

[0264] Ethanol (20 ml), concentrated hydrochloric acid (1.0 ml) and platinum oxide (50 mg) were added to 1- 
hydroxy-1-{4-pyridyl)-1,2,3.4-tetrahydronaphthalene (540 mg, 2.4 mmol), and 5 days of reduction reaction was carried 
so out in a stream of hydrogen under 1 atmospheric pressure. The catalyst was removed from the reaction solution, the 
filtrate was concentrated under a reduced pressure, the residue was dried and mixed with isopropyl alcohol (1 .0 ml) and 
ethyl acetate (10 ml) and then the thus precipitated crystals were collected by filtration to obtain 41 0 mg (1 .9 mmol, 68% 
in yield) of the title compound. 

25 ^H-NMR (CDCI3): 5 1 .43 (1 H. m). 1.67 (2 H. m). 1.78 (2 H, m). 1.89 (2 H. m). 2.25 (2 H. m), 2.60 - 2.77 (5 H. m). 
3.28(2H.t).7.10(4H, dd); 

MW 215.34 (C15H21N); Mass spectrum El-MS m/z 215 (M)" 

Synthesis Example 40d (the inventive compound) 2a-(4-(4'(1.2.3.4-Tetrahydronaphthalen-l-yn-piperidin-1-vhbutvn- 
30 2a.3.4.5-te1rahvdro-1H-benzf cd]intol-2-one 

[0265] This was synthesized by the same method of Synthesis Example 7a, except that 1 -(1 ,2,3.4-tetrahydronaph- 
thalen-1-yl)piperidine hydrochloride was used instead of 1-tndanylplperaztne hydrochloride (yield. 53%). 

35 ^H-NMR (CDCI3): 5 1 .00 - 1 .1 0 (1 H. m), 1 .20 - 1 .50 (4 H, m), 1 .60 - 1 .90 (1 4 H, m). 2.00 - 2.25 (4 H, m), 2.58 - 2.77 
(4 H, m), 2.77 - 2.95 (3 H. m). 6.65 (1 H. d, J = 7.8 Hz). 6.80 (1 H, d, 3 = 7.8 Hz), 7.03 - 7.15 (5 H, m). 7.37 (1 H, 
s); MW 442.64 (C30H35N2O) ; Mass spectrum EI-MS m/z 442 (M)"^ 

Synthesis Example 41d (the inventive compound) 2a>(4-f4-(1-lndanylVpiperazin-1-ynbutyn-2a.3.4.5'tetrahydro-1H- 

40 ben2;W]'pdoi-2-onQ 

[0266] This was synthesized by the same method of Synthesis Example 21a. except that 2a-(3-bromopropyl)- 
2a,3,4.5-tetrahydro-1H-benz[cd]indol-2-one was used instead of 2a-(4-bromobutyl)-2a,3,4.5-tetrahydro-1 H- 
benz[cd]indol-2'One, and 1-t-butoxycarbonyl-4'(1-indanyi)piperazine was used instead of 1-t>butoxycarbonyM- 
45 (6,7.8,9-tetrahydro-5H-benzocyclohepten-5-yl)pipefazine (yield, 30%). 

^H-NMR(CDCl3):5l.30- 1.41 (1 H, m), 1.44-1.59(1 H, m), 1.75 -1.88 (4 H. m), 2.03 - 2.19 (4 H. m), 2.19 - 2.31 
(2 H, m), 2,31 - 2.69 (8 H. m). 2.75 - 2.97 (4 H. m), 4.32 (1 H, m). 6.64 (1 H, d. J = 7.6 Hz), 6.78 (1 H, d. J = 7.8 Hz). 
7.09 (1 H, dd), 7.12 - 725 (3 H, m), 7.28 - 7.38 (2 H, m); MW 415.58 (C27H33N3O): Mass spectrum EI-MS m/z 415 
50 (M)^ 

Synthesis Example 42d 2-(1-Benzvl-pfperidin-4*yh-1.2.3.4 -tetrahydro-isoquinoline 

[0267] 1 ,2.3,4-Tetrahydroisoquinoline (700 mg, 5.3 mmol), acetic acid (3.2 g, 6.3 mmol), sodium triacetoxyborohy- 
55 dride (2.2 g, 1 1 mmol) and benzylpiperidone (1 .0 g, 5.3 mmol) were stirred at room temperature for 3.5 hours in dichlo- 
roethane (7 ml). The reaction solution was alkatif led by adding sodium hydroxide aqueous solution, the reaction product 
was extracted with ethyl acetate, and the organic layer was washed with water and saturated brine and then dried with 
anhydrous sodium sulfate. The solvent was removed by evaporation from the organic layer under a reduced pressure, 
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and the thus obtained material was separated and purified by a silica gel column chromatography to obtain 900 mg (3.0 
. mmol, 66% in yield) of the title compound, 

^H-NMR (CDCI3): 5 1.59 - 1.75 (2 H, m), 1.84 - 1.87 (2 H, m). 1.98 - 2.04 (2 H, m), 2.48 (1 H, tt, J = 3.7 Hz, 11. 5 
5 Hz), 2.81 - 2.92 (4 H, m), 2.96 - 2.99 (2 H. m). 3.51 (2 H, s). 3.78 (2 H. s). 6.98 • 7.01 (1 H. m), 7.06 - 7.12 (3 H, m). 

7.22 - 7.33 (5 H, m); MW 306.45 (CgiHgeNg); Mass spectrum TSP nfVz 307 (M + H)* 

Synthesis Example 43d 4-(l .2.3.4-Tetrahydro-isoquinofin>2-yl)piperidine-1 -carboxylic acid benzyl ester 

to [0268] 2-(VBenzyl-piperldln-4-yf)-1 ,2.3,4-tetrahydroisoquinoline (280 mg. 0.90 mmol). benzyloxycarbonyl chloride 
(310 mg, 1 .8 mmol) and potassium bicarbonate (230 mg, 2.3 mmol) were stirred at room temperature for 23 hours in 
dichloromethane (5 ml). The reaction solution was mixed with dichlorom ethane, washed with water and saturated brine 
and the dried with anhydrous sodium sulfate. The solvent was removed by evaporation from the organic layer under a 
reduced pressure, and the thus obtained material was separated arid purified by a silica gel column chromatography to 

15 obtain 300 mg (0.86 mmol, 96% in yield) of the title compound. 

^H-NMR (CDCI3)! 51.51 - 1.65 (4 H, m), 1.86 - 1.96 (2 H, m), 2.64 (1 H. tt, J = 3.7 Hz, 1 1 .4 Hz), 2.81 -2.90 (6 H, 
m). 3.78 (2 H, s), 5.14 (2 H, s), 6.99 - 7.03 (1 H, m), 7.07 - 7.13 (3 H. m), 7.28 - 7.39 (5 H, m); MW 360.46 
(C22H26N2O2); Mass spectrum TSP m/z 351 (M + HY 

20 

gyjithestig gxgmpl^ 44^ 2-Pip^ri^in-4>yi>1 .2,3.4-tetrahydro-isoqulno|ipe cjihy^robrpml^ie 

[0269] 4-(3.4-Dlhydro-1H-isoquinolin-2-yl)pip€ridine-1 -carboxylic acid benzyl ester (290 mg. 0.83 mmol) was mixed 
with 25% hydrobromic acid acetic acid solution (3 ml) and stin^d at room temperature for 2 hours. The reaction solution 
25 was mixed with toluene, the solvent was removed by evaporation under a reduced pressure, and the thus precipitated 
crystals were washed with a small amount of cold toluene and collected by filtration to obtain 150 mg (0.40 mmol, 48% 
in yield) of the title compound, 

MW 378.15 (Ci4H22Br2N2); Mass spectrum EI-MS m/z 216 (M - 2HBr)* 

30 

Synthesis Examole 45d fthe inventive compound^ 2a-f4-f4-n.2.3.4-TetrahvdrO'isoQuinolin-2-ynDiDeridin-1'Vn-butvi)- 
2a3.4.5-tetrahydro-1H-benz[cd1indol-2-one 

[0270] This was synthesized by the same method of Synthesis Example 7d, except that 2-piperidin-4-yl-1 ,2.3,4-tet- 
35 rahydro-isoquinoline dihydrobromide was used instead of l-(Mndanyf)piperazine hydrochloride (yield, 98%). 

^H-NMR (CDCy: 5 1 .00 - 1 .14 (1 H, m). 1 .24 - 1 .50 (2 H. m). 1 .54 - 2.00 (1 2 H, m), 2.05 - 2. 1 8 (2 H, m), 2.1 8 - 2.33 
(1 H. m), 2.41 - 2.51 (1 H, m). 2.60 - 2.70 (1 H, m), 2.79 - 2.91 (5 H, m), 2.91 - 3.00 (2 H. m), 3.76 (2 H. S), 6.66 (1 
H. d, J = 7.8.HZ), 6.81 (1 H, d, J = 7.8 Hz). 6.99 - 7.01 (1 H. m), 7.08 • 7.13 (4 H, m), 7.19 (1 H, br s); MW 443.64 
^ (C29H37N3O); Mass spectrum EI-MS m/z 443 (M)* 

[0271] By dissoh/ing the thus obtained free compound in hydrochloric acid-saturated methanol, its hydrochloride 
was obtained. 

4S M W 5 1 6.56 (C23H39CI2N3O); Mass spectrum EI-MS m/z 443 (M - 2HCI)'- 
Svnthesis Example 46d 1 -Hydroxy- 1-pvridin-4-yl-lndan6 

[0272] 4-Bromopyridine hydrochloride (1 .9 g. 1 0 mmol) was dried and then suspended in diethyl ether (30 ml), and 
50 the suspension was mixed with n-butyl lithium hexane solution (1.6 M, 12 ml, 19 mmol) at -60*'C and stin-ed for 3 hours. 
The reaction solution was mixed with 1-indanone (2.0 g, 15 mmol) and then the reaction solution was stirred for 18 
hours while gradually returning to room temperature. Ethyl acetate (50 ml) and water (50 ml) were added to the reaction 
solution to extract the reaction product, and the ethyl acetate layer was washed with water and then dried with anhy- 
drous sodium sulfate. The solvent was removed by evaporation from the extract under a reduced pressure, and the thus 
55 obtained material was separated and purified by a silica gel column chromatography to obtain 420 mg (2.0 mmol, 20% 
in yield) of the title compound. 

^H-NMR (CDCI3): 5 2.49 (2 H, t), 2.64 (1 H, br s). 2.95 - 3.06 (1 H, m), 3.17 - 3.29 (1 H, m). 7.04 (1 H, d). 7.23 (1 
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H, t>. 7.32 (4 H. m), 8.51 (2 H, dd); MW 21 1 .26 (C14H13NO); Mass spectrum EI-MS m/z 21 1 (M)* 
Synthesis Example 47d 4-lndan-1-yi-Diperidine monohydrDChloride 

5 [0273] Ethanol (20 ml), concentrated hydrochloric acid (0.5 ml) and platinum oxide (50 mg) were added to 1- 
hydroxy-1-pyrid*tn-4-yl-indane (540 mg, 2.6 mmol), and catalytic reduction was carried out at ordinary temperature 
under ordinary pressure to obtain 420 mg (2.1 mmol. 62% in yield) of the title compound as crystals. 
[0274] In this connection, the hydrochloride was converted into free base in the usual way and then used in the 
instrumental analyses. 

to 

^H-NMR (CDCI3): 8 1.13 • 1.39 (3 H. m), 1.49 (1 H, dt), 1.71 (1 H. dt). 1.80 (1 H. m), 1.94 (1 H, m), 2.11 (1 H. m), 
2.53 (1 H, dt), 2,57 (1 H. dt). 3.05 - 3.07 (4 H. m). 7.13 - 7.23 (4 H, m); MW 201 .31 (C14H19N); Mass spectrum EI- 
MS nVz 201 (M)* 

75 Synthesis Example 4ed fthe Inventive compound) 2a-(4-f4-lndan-1-yl-piperidin-1-vl)-butvlV2a.3.4.5-tetrahydro-1H- 
ben;g[cd]in^jQl-a-onQ 

[0275] This was synthesized by the same method of Synthesis Example 7d. except that 4-indan-1 -yl-piperidine 
monohydrochloride was used instead of 1 -(l-indanyOpiperazine hydrochloride (yield, S4%). 

20 

^H-NMR (CDCI3): 60,98 - 1.1 1 (1 H. m). 1.22 • 1,97 (15 H, m), 2.02 - 2.17 (3 H. m). 2.17 - 2.31 (2 H. m), 2.58 2.68 
(1 H. m). 2.75 - 3.00 (5 H, m), 3.03 - 3.1 1 (1 H, m), 6.65 (1 H, d. J = 7.6 Hz). 6.80 (1 H. d, J = 7.8 Hz). 7.08 - 7.21 
(5 hi. m). 7.29 (1 H. br s): M W 428.62 (C20H36N2O); Mass spectrum EI-MS nVz 428 (M)^ 

25 [0276] By dissolving the thus obtained free compound in hydrochloric acid-saturated methanol, its hydrochloride 
was obtained. 

MW 465.08 (CggHa/CiNgO); Mass spectrum EI-MS m/z 428 (M - HCI)^ 

30 Synthesis gygmple 1^ 1-t-PMtPyYC9rbonyl-4-(1i3henyl-ethyl)-pipera2;ing 

[0277] This was synthesized by the same method of Synthesis Example 23d, except that 1-bromoethyl-benzene 
was used instead of 9-bromo-6.7,8,9-tetrahydrobenzocyclohepten-5-one (yield, 99%). 

35 ^H-NMR (CDCI3): 5 1 .36 (3 H. d, J = 6.8 Hz). 1 .43 (9 H, s). 2.30 - 2.42 (4 H. m), 3.34 - 3.41 (5 H. m)» 7.21 - 7.37 (5 
H, m); MW 290.41 (C,7H26N202); Mass spectrum EI-MS m/z 290 (M)"^ 

Synthesis Example 2efthe inventive compound^ 2a-f4-f4-(1-Phenyl-ethyl>-piperazin-1-yl)butyl)-2a.3.4.5'tetrahvdrD-lH- 
benz[cd)indQl'2-one 

40 

[0278] This was synthesized by the same method of Synthesis Example 21 d. except that 1 -t-butoxycarbonyM-(1 - 
phenyl-ethyl)piperazine was used instead of 1-t-butoxycarbonyi-4-(6,7,8,9-tetrahydro-5H-benzocyclohepten-5-yi)piper- 
azine (yield, 27%). 

45 ""H-NMR (CDCy: 5 0.97 - 1 ,08 (1 H, m). 1 .22 - 1 .43 (7 H, m), 1 .57 - 1 .89 (6 H. m). 2.04 - 2.68 (1 1 H, m), 2.76 - 2.86 

(1 H, m), 6.64 (1 H. d. J = 7.8 Hz). 6.79 (1 H. d, J a 7.8 Hz), 7.10 (1 H, dd), 7.19 - 7.31 (9 H, m); MW 417.60 
(C27H35N30);Mass spectrum El - MS m/z 41 7 (M)* 

[0279] By dissolving the thus obtained free compound in hydrochloric acid-saturated methanol, its hydrochloride 
so was obtained. 

MW 490.51 (C27H37CI2N3O); Mass spectrum EI-MS m/z 417 (M - 2HCI)* 

Synthesis Example 3e fthe inventive compound) 2a-(4-(4-(4-Chloro-phenvlVphenvl-methvh-piperazin-1-vnbutvl>« 
55 2a.3.4.S-tetrahydro-1H-ben2fcd]indol-2-one 

[0280] This was synthesized by the same method of Synthesis Example 7d, except that 1 -(4-chloro-phenyl)-phenyl- 
methyl)-piperazine was used instead of Vindanylpiperazine hydrochloride (yield, 86%). 
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^H-NMR (CDCI3): 5 1 .00 - 1 .43 (8 H, m), 1 .72 - 1 .89 (2 H. m). 2.04 - 2.89 (12 H. m). 4.1 7 (1 H. s). 6.64 (1 H. d, J = 
7.6 Hz). 6.79 (1 H, d, J = 8.0 Hz), 7.10 (1 H, dd). 7.14 - 7.37 (10 H. m); MW 514.1 1 (CagHagCINgO); Mass spectrum 
EI-MS m/z 513:515 = 3:1 (M)"- 

5 [0281] By dissolving the thus obtained free compound in hydrochloric acid-saturated methanol, its hydrochloride 
was obtained. 

MW 587.03 (Ca2H38Cl3N30); Mass spectrum EI-MS m/z 51 3:51 5 - 3:1 (M - 2HCi)^ 

10 Synthesis Example 4e (the inventive compound) 2a-(4-(4-Ben2Vl-p iperidin-1 -yl)b utyn-2a.3.4.5-tetrahvdro-l H- 
benz[cd]indol-2-one 

[0282] 2a-(4-Bromobutyl)-2a,3,4,5-tetrahydro-1H-ben2[cd]indol-2-one (190 mg, 0.62 mmol), 4-ben2yl-piperidine 
(1 10 mg, 0.65 mmol) and potassium carbonate (120 mg, 0.88 mmol) were stirred ovemight at BO'^C in anhydrous N.N- 
is dimethylformamide (2 ml). The solvent was removed by evaporation under a reduced pressure, and the residue was 
mixed with ethyl acetate and water. The reaction product was extracted with ethyl acetate, washed with saturated brine 
and dried with anhydrous sodium sulfate, the solvent was removed by evaporation under a reduced pressure, and then 
the thus obtained material was separated and purified by a silica gel column chromatography to obtain 210 mg (1.1 
mmol. 85% in yield) of the title compound. 

20 

^H-NMR(CDCl3):5 0.99-1.11 (1 H. m), 1.21 - 1.65 (9 H. m), 1.72-1.91 (2 H, m), 2 02 - 2.31 (2H, m). 2.51 (2 H. 
d. J = 6 6 Hz), 2.59 - 2.69 (1 H. m). 2.78 - 2.94 (3 H, m). 6.65 (1 H, d, J = 7.4 Hz), 6.79 (1 H. d. J = 7.8 Hz), 7 08 - 
7.30 (6 H. m). 7.34 (1 H. br s): MW 402.58 (C27H34N2O): Mass spectrum EI-MS m^ 402 (M)* 

25 [0283] By dissolving the thus obtained free compound in hydrochloric acid-saturated methanol, its hydrochloride 
was obtained. 

MW (C27H35CIN2O) 439.04; Mass spectrum PB m/z 403 (M - HCI + H)* 

30 Synthesis Example 5e (the inventive compound^ 2a-(4-(4-Benzvl-Diperazin-1-vl)butvlV2a.3.4.5-tetrahvdrQ-1H- 
bgnzfcd]ipdol-g-one 

[0284] This was synthesized by the same method of Synthesis Example 7d, except that 1 -benzyl-piperazine was 
used instead of 1 -indanylpiperazine hydrochloride (yield, 99%). 

35 

^H-NMR(CDCl3): 6 0.99 -1.10(1 H, m), 1.22- 1.48 (3 H,m), 1.72- 1.89 (3 H, m), 2.05 -2.18 (2 H, m). 2.18-2.30 
(2 H. m), 2.57 - 2.59 (1 H, m), 2.68 - 2.78 (1 H, m), 6.65 (1 H, d, J = 7.8 Hz), 6.79 (1 H, d, J = 7.8 Hz), 7.10 (1 H. 
dd), 7.22 - 7.32 (5 H. m), 7.41 (1 H. br s); MW 403.57 (C26H33N3O); Mass spectrum EI-MS m/Z 403 (M)* 

40 [0285] By dissolving the thus obtained free compound in hydrochloric acid-saturated methanol, its hydrochloride 
was obtained. 

MW (Ca6H3sCl2N30) 476.49; Mass spectrum EI-MS m/z 403 (M - 2HCI)-^ 

45 Svnthesis Example 6e 2-M-Benzyl-piperazin-1-yh-2-methvl-propionitrlle 

[0286] Ice (about 8 g) was added to benzytpiperazine (3.5 g, 20 mmol) and stirred, to which were subsequently 
added. dropwise concentrated hydrochloric acid (3.4 ml. 40 mmol), acetone (1 .2 g, 20 mmol) and potassium cyanide 
aqueous solution (7 M, 3 ml, 21 mmol) in that order, and the mixture was stirred at room temperature for 1 hour. Crystals 
so obtained by filtering the reaction solution were dissolved in chloroform, washed with sodium hydroxide aqueous solution 
and saturated brine and then dried with anhydrous sodium sulfate. The solvent was removed by evaporation under a 
reduced pressure, and the thus obtained material was separated and purified by a silica gel column chromatography to 
obtain 1 .3 g (5.4 mmol, 27% in yield) of the title compound. 

55 ^H-NMR (CDCI3): 5 1 .49 (6 H, s), 2.52 (4 H. br s), 2.68 (4 H. br s), 3.51 (2 H. s), 7.22 -7.33 {5 H, m); MW 243.35 
(C15H21N3); Mass spectrum FAB m/z 244 (M +H)* 
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Synthesis Ex ample 7e 1-Benzyl-4-n-methvl-1-phenyl-ethvlVpiDera2ine 



[0287] In an atmosphere of argon and at room temperature, 2-(4-ben2yl-pipera2in-1 -yl)-2-methyl-propionitrile (820 
mg, 3.4 mmol) dissolved in diethyl ether (1.2 ml) and benzene (2.5 ml) was added dropwise to phenylmagnestum bro- 

5 mide ether solution (3.0 M, 2.0 ml. 6.0 mmol), and the mixture after completion of the dropwise addition was stlnned for 
3.5 hours. The reaction solution was mixed with 10% ammonium chloride aqueous solution (18 ml) and separated into 
water layer and organic layer. The reaction product was extracted from the organic layer with dilute hydrochloric acid, 
and then the water layer was neutralized with aqueous ammonia and the reaction product was again extracted with 
ethyl acetate. The ethyl acetate layer was washed with water and saturated brine and dried with anhydrous magnesium 

10 sulfate, the solvent was removed by evaporation under a reduced pressure, and then the thus obtained material was 
separated and purtfted by a silica gel column chromatography to obtain 300 mg (1 .0 mmol, 30% in yield) of the tide com- 
pound. ' 

^H-NMR (CDCI3): 6 1.33 (6 H, s), 2.44 - 2.50 (8 H. m). 3.49 (2 H. s). 7.16 - 7.30 (8 H. m), 7.61 - 7.53 (2 H, m); MW 
IS 294.44 (C20H2SN2); Mass spectrum EI-MS m/z 294 (M)^ 

S ynthesis Example 8e ixhe inventive compound^ 2a-(4-(4-(1-Methyl-1-phenvl-ethyh-piperazin-1-vlVbutvlV2a.3.4.5-tet- 
rahydro-l H-benz[cd]indol-2-one 

20 [0288] 1-BenzyU-(1-methyl-1-phenyl-ethyl)-piperazine (290 mg, 1.0 mmoO was dissolved in ethanol (3 rhi), and 
the solution was mixed with 1 0% palladium-carton (60 mg) and stinted at room temperature for 15 hours in an atmos- 
phere of hydrogen. The catalyst was removed by filtering the reaction solution, and the solvent was removed by evap- 
oration under a reduced pressure to obtain crude 4-(1 -methyl-1 -phenyl-ethyl)-piperazine. The thus obtained crude 4-(1 - 
methyl-1-phenyl-ethyl)-pipera2ine, 2a-(4-bromobutyl)*2a,3,4,5-tetrahydro-1H-benz[cd]}ndol-2-one (310.mg. 1.0 mmol) 

25 and potassium carbonate (21 0 mg, 1 .5 mmol) were stin-ed at room temperature for 1 4 hours in anhydrous N,N-dimeth- 
ylfomiamtde (3 mi). The reaction solution was mixed with ethyl acetate and washed with water and saturated brine, the 
solvent was removed by evaporation under a reduced pressure and then the thus obtained residue was dissolved in 
dichloromethane. The dichlorohnethane solution was washed with water and saturated brine and dried with anhydrous 
sodium sulfate. The solvent was removed by evaporation from the organic layer under a reduced pressure and the thus 

30 obtained material was separated and purified by a silica gel column chromatography to obtain 33 mg (0.076 riimol,. 
7.7% in yield) of the title compound. 

'H-NMR (CDCI3): 60-97 - 1.13 (1 H, m). 1.21 - 1.49 (10 H, m). 1.72 « 1.89 (3 H, m), 2.04 - 2.18 (2 H, m), 2.20 -2.32 
(2 H. m), 2.32 - 2.57 (8 H, m), 2.59 - 2.68 (1 H, m). 2.78 - 2.88 (1 H, m), 6.67 (1 H, d, J = 7.8 Hz). 6.79 (1 H, d, J = 
35 7.6 Hz), 7.10 (1 H. dd), 7.19 (1 H, t, J = 7.3 Hz), 7.28 (2 H. dd, J= 7.3 Hz). 7.50 (2 H. d), 7.80 (1 H. brs); MVy431.62 
(^Hs/NaO); Mass spectrum EI-MS m/z 431 (M)^ 

Test Example 1 Binding affinity tor 5-HT7 receptor 

40 [0289] Cultured cells capable of expressing human serotonin 5-HT7 receptor subtype were harvested in an assay 
buffer solution (50 mM Tris-HCI containing 10 mM MgCl2 and 0.6 mM EDTA, pH 7.4) and homogenized with a Potter 
type homogenizer. and then the membrane fract'ion was centrifuged for 20 minutes at 39,000 9 and at 4X. The thus 
obtained pellet was re-suspended in 1 ml, per cells per one culture dish of 10 cm in diameter, of the assay buffer solu- 
tion and homogenized again. 

45 [0290] The binding test was carried out using 1 nM in final concentration of [^H]-5CT (carboxamide tryptamine) and 
from 1 to 1 .000 nM of each substance to be tested (the compound (1 ) of the invention among Synthesis Examples), and 
adjusting the final assay volume to 300 ^l by adding 1 00 ^1 of the membrane fraction suspension and then incubating 
the reaction system at 37*>C for 30 minutes. The incubation was terminated by quickly filtering on a GF/B filter, subse- 
quently carrying out washing with 6 ml of cold 50 mM Tris-HCI (pH 7.4). The radioactivity was measured using a liquid 

50 scintillation counter. Non-specific binding was determined by 1 0 jiM metergoline, and the specific binding was calcu- 
lated based on the difference therefrom. The IC50 value was calculated from the inhibition curve of each compound, and 
the bindirig inhibition constant Ki was calculated from the value. 

[0291] It was confirmed by this binding test that most of the compounds of the inveritlon have a Ki value of 0.1 ^M 
or less. 

55 

Test Example 2 Binding affinity for S-HTo receptor 

[0292] Rat cerebral cortex was homogenized in 1 0 volumes of 0.32 M sucrose solution and centrifuged for 1 0 min- 
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utes at 900 x g, and the resulting supernatant fluid was again centrifuged for 20 minutes at 11,500 x g. The thus 
obtained precipitate was re-suspended in 50 mM Tris-HCI (pH 7.4) buffer and centrifuged for 20 minutes at 39,900 x g, 
and the thus obtained precipitate was used as P2 fraction. 

[0293] The P2 fraction was incubated at 37*^0 for 15 minutes in 50 mM Tris-HCI (pH 7.4) buffer containing 1 nM of 
5 pH]ketanserin and each of the compounds of the invention and then filtered after the reaction using Whatman GF/B 
glass filter. The radioactivfty on the filter was measured using a liquid scintillation counter Non-specific binding was 
determined by 1 0 ketanserin. and the specific binding was calculated based on the difference therefrom. The IC50 
value was calculated from the inhibition curve of each compound, and the binding inhibition constant Ki was calculated 
from the value. 

TO [0294] The Ki value of 5-HT2. the KI value of 5-HT7 obtained in Test Example 1 and their ratio are shown in Table 
1 . As is evident from Table 1 , compounds of the Invention show their affinity tor 5-HT7 receptor more selectively. 



Table 1 



(the inventive compound) 


Ki (nM) of 5-HT2 


KI (nM)of 5-HT7 


5-HT2/5-HT7 


Compd, of Syn. Ex. la 


227 


7 


33 


Compd. of Syn. Ex.1 7a 


807 


9 


90 


Compd. of Syn. Ex. 21a 


524 


13 


40 


Compd of Syn. Ex. 1 b 


151 


9 


17 


Conripd. of Syn. Ex. 10b 


>1000 


7 


>143 


Compd. of Syn. Ex. 13b 


385 


8 


48 


Compd. of Syn. Ex. 14c 


>1000 


1.9 


>530 


Compd. of Syn. Ex. 17c 


>1000 


0.9 


>1100 


Compd. of Syn. Ex. 10d 


>1000 


9.8 


>1O0 


Compd. of Syn. Ex. 37d 


882 


8.8 


100 


Compd. of Syn. Ex. 2e 


456 


30 


15 
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[0295] The compound of the invention strongly inhibits pH]-5CT which binds to human serotonin 5-HT7 receptor 
subtype expressed in a clona]. cell line. In consequence, the compound (1) of the invention and pharmacologically 
acceptable salts thereof are useful as medicaments for the prevention or treatment of various diseases which are con- 
sidered to be induced by the abnormality of central and peripheral serotonin controlling functions, such as mental dis- 
40 eases (manic-depressive psychosis, anxiety, schizophrenia, epilepsy, sleep disorders, biological rhythm disorders, 
migraine and the like), cardiovascular diseases (hypertension and the like) and gastrointestinal disorders. 

Claims 

4S 1 . A compound represented by formula (1 ): 



so 
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wherein represents a hydrogen atom, a lower alkyi group or an aralkyi group; represents a hydrogen atom, 
a halogen atom, a lower alkyl group, a hydroxy group, an alkoxy group, an acyl group, an acyloxy group, an alkox- 
ycarbonyl group, a nitre group, an amino group, a substituted amino group, a carbamoyl group or an alkylcarbamoyl 
group: n is an integer of from 2 to 6; and a represents the following formula (a), (b), (c), (d) or (e): 



10 



15 



20 



25 



30 



35 
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wherein 



in formulae (a) and (b), represents a hydrogen atom, a halogen atom, a lower alky! group, a hydroxy group 
or an alkoxy group. X represents NR^° NCONR^^R^^^ g. SO. SOg or O. R^° represents a hydrogen atom, a 
lower alkyi group, an alkenyl group, an oxoalkyi group, an aralkyi group, a cyanoalkyi group, a hydroxyalkyl 
group, an alkoxyalkyi group, an aminoalkyi group, a substituted aminoalkyi group, an alkoxycarbonylalkyi 
group, a carbamoylalkyi group, an alkylcarbamoylalkyi group, an acyl group or an alkoxycarbonyi, R^^ and R^^ 
independently represent a hydrogen atom or a lower alkyI group, and Y represents a methylene group or a car- 
bonyl group. 

In formula (c), R^ represents a hydrogen atom, a halogen atom, a lower alkyI group, a hydroxy group, a cyano 
group, a trihalomethyl group, an alkoxy group, an alkylthio group, an aikylsulfinyl group, an all^lsulfonyl group, 
an alkoxycarbonyi, a sulfamoyi group, an amino group, a substituted amino group, a cart)amoyl group, an alkyl- 
carbamoyl group, an acyl group or a carboxy group, R^ represents a hydrogen atom, a lower alkyI group, a 
hydroxy group, an alkoxy group, an acyl group, a phenyl group or a substituted phenyl group, k is 0 or an integer 
of from 1 to 3, m is 0 or an integer of from 1 to 3, and each of A and B represents a group which forms a ben- 
zene ring, a thtophene ring, a furan ring, an imidazole ring or a pyrazole ring via a double bond, with the proviso 
that k + m is an integer of from 1 to 3. and 

in formulae (d) and (e), R"^ is as defined in the foregoing, G represents CHg. S. O or C=0, D represents CH or 
N, p is an integer of from 1 to 3, each of E and J represents a group which fonns a benzene ring or a pyridine 
ring via a double bond, and R^ and R-^ independently represent a hydrogen atom, a lower alkyI group, a 
hydroxy group, an alkoxy group, an acyl group, a phenyl group or a substituted phenyl group or a pharmaceu- 
tically acceptable salt thereof. 

2. A compound according to daim 1 . which is represented by fomiula (1 a): 



25 



30 




(la) 



wherein R^, r3 x and n are as defined in the foregoing, or a phamiaceutically acceptable salt thereof. 
3. A compound according to claim 2. which is represented by fomnula (1a-1): 



40 



45 




N 
H 



(la-l) 



so 



wherein X and n are as defined in the foregoing, or a phamiaceutically acceptable salt thereof. 
4. A compound according to daim 1 . which is represented by fonmula (1b): 
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5 



10 




(lb) 



wherein R^, X, Y and n are as defined in the foregoing, or a pharmaceutically acceptable salt thereof. 

15 

5. A compound according to claim 4, which is represented by formula (1 b-1 ): 



20 



25 




(lb-1) 



30 

Wherein X, Y and n are as defined in the foregoing, or a pharmaceutically acceptable salt thereof. 
6. A compound according to claim 1 . which is represented by formula (1 c): 

35 



40 




wherein r\ R"*, R^, a, B. k, m and n are as defined in the foregoing, or a pharmaceutically acceptable salt thereof. 
50 7. The compound or a pharmaceutically acceptable salt thereof according to claim 6. wherein k + m is 2. 

8. The compound or a pharmaceutically acceptable salt thereof according to claim 6 or 7. wherein n is 4. 

9. A compound according to claim 1 , which is represented by formula (1 d): 

55 
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10 



IS 



20 



25 




(ld> 



wherein R*. G. D. E. J. p and n are as defined in the foregoing, or a pharmaceutically acceptable saUthereof. 
10. A compound according to claim 1. which is represented by formula (1e): 





(le) 



30 Wherein R^. R^. R^, D and n are as defined In the foregoing, or a pharmaceutically acceptable salt thereof. 

11 . A pharmaceutical composition which comprises any one of the compounds of claims 1 to 1 0 or a pharmaceuticallv 
acceptable salt thereof. 

35 12, A phannaceutical composition for treatment or prevention of mental diseases, which comprises any one of the 
compounds of claims 1 to 1 0 or a pharmaceutically acceptable salt thereof. 

13. A compound represented by fonnula (aQ): 



40 



45 




(aQ) 



SO 



Wherein Z represents NR^^. NC0NRi^R^2^ SO or SOg. R^^ represents a carbamoylalkyi group, an alkylcarbamoy- 
lalkyi group, an alkenyl group or an oxoalkyi group. R^^ and R^2 independently represent a hydrogen atom or a 
lower alkyi group, Q represents a hydrogen atom or a protecting group and R^ is as defined In the foregoing, or a 
salt thereof. 



55 14. A compound represented by fonnula (bQ): 
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10 

wherein R^. Y, Z and Q are as defined in the foregoing, or a salt thereof. 
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(57) Abstract 



The object of the present invention is to provide a prophylactic and/or therapeutic drug for otiesity and obesity-associated diseases 
or diabetes with a reduced risk for central side effects and high universality in usage. Another object of the present inventio is to provide 
a phannacemical composition comprising a compound of formula (1), wherein Ar represents phenyl which may be substituted and/or 
condensed; n represents an integer of 1 to 10: R represents hydrogen or a hydrocarbon group which may be substituted, which may not be 
the same in its n occurrences; R may be bound to either Ar or a substituenl for Ar, Y represents an amino group which may be substituted 
or a nitrogen-containing saturated heterocyclic group which may be substituted, or a salt thereof, which can be used for a thermogenic 
agent, an antiobesity agent, a lipolytic agent, or a prophylactic and/or treating drug for obesity-associated diseases. 



NS(X3CID «WO__9646590A1_L> 



